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ABSTRACT 

 

Groundwater is one of the supreme valuable natural resources present on earth. It is important 

for the sustainability of all living organisms, most ecological systems, human health, food 

production and economic development. Today industrialization combined with fast growing 

population is responsible for the overexploitation of water aquifers. Ground aquifers are 

increasingly being contaminated with sewage, agricultural chemicals, oils, heavy metals, 

detergents and many other synthetic products. Statistics of quality data and understanding of 

aquatic systems is necessary for the conservation and remediation of underground water 

reservoir. 

 

In the current study, the overall quality of groundwater available in district Gautam Budh 

Nagar has been assessed by evaluating its physico-chemical characteristics and heavy metals 

concentration. An effort has been made to find spatio-temporal variation in groundwater 

quality in three years of consecutive study. Appropriateness of groundwater for drinking and 

irrigation purpose was analysed by comparing the analytical results with the standards of BIS, 

WHO and USDA. Further, attempt has also been made to establish the possible sources 

(agricultural runoff, industrial effluent, municipal wastewater) of groundwater pollution in 

eleven villages of Gautam Budh Nagar district. To understand the quality of subsurface 

water, study area was divided into three zones on the basis of land use pattern; Agricultural 

zone, Industrial zone, Residential zone. Various statistical and graphical methods were 

inculcated to interpret the analytical results. A survey was also conducted among the 

residents of study area to find the health status and the issues related to groundwater quality. 

Linear combination of physico-chemical analysis of groundwater and waste water samples 

with GIS map was very effective in assessing pollution risks to ground aquifers and source of 

contamination. Finally a novel approach to remove excess of fluoride ions from aqueous 

solution using marble slurry adsorbent was also done. 

 

Twenty two samples of groundwater and thirteen waste water samples from major drains 

were collected in the pre-monsoon season (in the month of June) and post-monsoon season 

(in the month of October) of consecutive three years - 2016, 2017, 2018. These samples were 

analysed for the major cations, anions, and heavy metals by following standard procedures as 

prescribed by APHA (2012). 



The present study revealed that groundwater quality in eleven villages of district Gautam 

Budh Nagar was confronted with high ionic content as well as heavy metal contamination. 

Heavy load of pollutants were present in waste water due to various anthropogenic activities 

such as agricultural runoff, effluents of steel-iron industry, rice mill, paper industry, fabric 

dyeing industry and municipal discharge. Leaching of hazardous chemicals, present in waste 

water added a significant amount of it in ground aquifers. Results of physico-chemical 

analysis, metal analysis and water quality index revealed that groundwater of industrial zone 

of study area was highly polluted and if suitable precautions are not taken immediately, it will 

adversely affect groundwater quality of other regions of study area. After analyzing seasonal 

variation on pollution load of groundwater, it is concluded that contamination was maximum 

in pre-monsoon season and recharging of ground aquifer from rainwater decreased it due to 

dilution. Health survey revealed that carcinogenicity and gastro-intestinal disorders were 

common among inhabitants at all the sites. The study shows that marble slurry was a cost 

effective as well as highly effective adsorbent for defluoridation of water. The optimum 

defluorosis of 89.3%, from aqueous solution was found to be at adsorbent dose of 15 gm/L, 

contact time of 50 minutes and in the pH range of 6.12 to 7.01.  

In study area, groundwater is the only source of water for various domestic, industrial and 

irrigational requirement hence short term and long term water quality management, regular 

water monitoring and restoration programs should be designed to protect ground aquifers. 

The study concluded that there is a need to undertake awareness campaigns, effluent 

regulations, development of necessary infrastructures and to check dumping of pollutants 

under EIA and EMS. 

 

Keywords- Gautam Budh Nagar, Physico-chemical analysis, Groundwater, Wastewater, Pre-

monsoon season, Post-monsoon season, Water quality index. 
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1.1 GENERAL 

 

Water is one of the crucial component of environment which is required for the 

existence of life on the planet. Water is not only the vital constituent of all living 

organisms, but also essential for the sustainability of the mankind on earth. According 

to World Health Organization (WHO), clean and safe water especially drinking water 

is a fundamental right of a person and it is a part of policies made for protection of 

human health (WHO, 2011). Our planet is called blue planet as 71% of earth crust is 

covered with water. Out of total water present on earth, 97.4% is saline water and 

present in oceans & seas while only 2.6% is fresh water. Out of this fresh water 

1.98% is present in icecaps and glaciers, 0.59% is groundwater and rest of 0.001% is 

present in atmosphere (as water vapours), rivers, plants and animals. 

From ancient time rivers and streams have an important role in civilization of the 

mankind. Many civilizations in world – the Mesopotamian civilization (Tigris & 

Euphrates Valley), the Egyptian civilization (Nile river), the Harappan civilization 

(Indus river), and the Chinese civilization (Yellow river) developed around rivers. For 

centuries, humans are using rivers and streams to fulfill their own requirement. Over a 

period of time, nature of rivers has been changed due to over-exploitation of their 

natural resources. Humans control the natural flow of river by making dams and 

unauthorized settlements. They also use rivers as a disposal site of wastes. Due to 

exploitation of riverine wealth, a decline in surface water quality has been observed. 

Now at most of the places on earth, river water is not fit for human consumption, 

irrigation, recreational, industrial and other purposes. Fresh water requirement is 

increasing successively and now water scarcity is a big problem in every country. 

Quantity and quality of fresh water, are the major issues for everyone. Blind usage of 

fresh water resources led to water crisis in many parts of world. 

India is facing a fresh water crisis due to inappropriate utilization of water resources. 

With different intensity, water crisis in many states of India is very likely seen in 

summer season. Day by day human water requirement is increasing and surface water 

is no longer available in adequate quantity & quality hence new sources of fresh water 

are required (National Research Council, 1999).  
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Groundwater is another source of fresh water. It is a significant component of water 

cycle. Groundwater is the major consideration for all socio economic, cultural, 

industrial and technical development. Groundwater is preferably used in every sector 

of society due to its all-time availability at every place and at low cost. Due to 

geographical and environmental conditions, fresh water resources are not evenly 

distributed among different continents. According to United Nations Environment 

Programme (UNEP), although Asia is the biggest continent in world in terms of 

population (60% of world’s total population) has only 36% of world’s total fresh 

water resources. In India out of total extracted groundwater, 89% is utilized for 

irrigation, 9% for domestic purposes and rest of 2% for industrial use (CGWB, 2015). 

A stress on ground aquifers is increasing due to indiscriminate utilization. Non-

scientific usage of ground aquifers, less rain fall and ignorance about groundwater 

recharging techniques are few reasons for decline of groundwater level. Lowering of 

groundwater level led to deleterious effects on groundwater quality.  

In last five decades, due to increasing rate of industrialization and urbanization, 

human requirement of water has been increased tremendously. Ground water is 

greatly affected by human and industrial activities. The waste water generated from 

domestic and industrial activities is discharged directly on open land or in drains. This 

contaminated waste water gets percolate into ground aquifers and contaminate it. It is 

a well-recognized fact that the groundwater quality of both urban and rural areas is 

polluted. Water contamination problem is approaching a major crisis levels around the 

world, causing death and disease in the developing world (Olajire & Imeokparia, 

2000; Wu & Sun, 2016; Qasemi et al., 2018). According to the Global Water Supply 

and Sanitation Assessment 2000 report jointly published by WHO/UNICEF, nearly 

80% of disease are water borne and every third life loss is due to contaminated 

drinking water. Due to contaminated water, overall production economy is reduced by 

10%. Groundwater pollution specifies the deterioration in quality of natural water by 

various sources. Most of the times pollutants in groundwater enter through percolation 

of harmful substances from waste water. The source of waste water can be 

agricultural, industrial or municipal.  
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1.2 PRINCIPAL SOURCES OF GROUNDWATER POLLUTION 

 

The principal sources of groundwater pollution are classified into four categories. 

 Agricultural Sources 

 Industrial Sources 

 Municipal Sources 

 Miscellaneous Sources 

1.2.1 Agricultural Sources 

 Irrigation return flow  

 The amount of irrigation water which is not consumed by crop, drains to water 

channels or percolates to ground aquifers, is termed as irrigation return flow. Amount 

of irrigation return flow depends upon the geographical conditions of area, soil 

texture, type of crop, amount of rainfall and irrigation method. 

 Fertilizers and Soil amendments  

 A portion of applied fertilizers leaches from the soil due to irrigation water and 

rainfall. Harmful chemicals from these fertilizers mix with groundwater and 

contaminate it. The leaching of nitrate through soil is more prevalent in irrigated 

agricultural area. Irrigation of crop through river, canal and groundwater add a 

significant quantity of ions in the soil. Excessive amount of nitrogen fertilizers cannot 

be consumed by the crop. Due to high solubility of nitrate, it can easily percolates 

down in soil layers (Kundu & Mandal, 2009).  

Soil amendments are required to enhance fertility of soil for good crop. Generally 

lime, gypsum and sulfur are added to soil for balancing soil properties. A significant 

quantity of these added chemicals percolates in soil and contaminates groundwater.  

 Pesticides 

 Application of pesticides is requisite in agricultural areas. Leaching of applied 

pesticides is also another source for the contamination of groundwater. A trace 

amount of pesticides in water used for drinking purpose, led to serious health issues 

(Menchen et al., 2017).  

1.2.2 Industrial Sources  

 Liquid wastes 

 Waste water originated from various industries is directly dumped into ground 

aquifers or discharged into nearby drains, ponds or water channels. From these 
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sources, waste water migrates and contaminate ground aquifers. Industrial waste 

water contains a large amount of different heavy metals. These metals enter into the 

ground aquifers and contaminate it. These metals are non-biodegradable and remain 

in the environment for a longer period of time (Bhutiani et al., 2016; Selvakumar et 

al., 2017). 

 Tank and Pipe line leakage 

 A large number of chemicals are stored in underground tanks for industrial purposes. 

Fuels are also stored beneath the earth surface. Pipelines are used to carry these 

chemicals and fuels to the utility point. Any structural failure in storage tanks and 

pipelines can led to accidental leakage of chemicals. This leakage becomes a source 

of contamination to ground aquifers. Faulty installation, inadequate operating and 

improper maintenance are the major reasons for the leakage of chemicals of 

underground tank into the environment. 

 Mining Activities 

 Mining activities are also a source of groundwater pollution. Hydrochemistry of 

groundwater in mining areas is determined by the weathering of rocks, metals to be 

extracted, mining process and mineral processing unit. Mining process adds a 

significant amount of metals in groundwater of that area (Singh et al., 2018).  

 Oil field brines 

 Brine is produced during the production of oil and gas. Brine is containing many 

dissolved inorganic salts like sodium chloride, calcium chloride, calcium bromide, 

calcium carbonate, potassium chloride, formate and metals. The use this brine for 

various purposes (de-icing of roads, for dust suppression etc.) increased the sodium, 

potassium, chloride and total dissolved solids of groundwater (Tasker et al., 2018; 

Wen et al., 2019).  

1.2.3 Municipal Sources  

 Landfills 

 Landfills are the most widely used method for municipal solid waste (MSW) 

disposal. A complex mixture of chemicals called leachate originates from these 

landfills sites. Leachate is a potential pollutant affecting natural resources. Many 

researchers studied the quality of groundwater near the landfills sites and concluded 

that percolation of leachate causes groundwater pollution (Liu et al., 2010; Han et al., 

2014; Abd-El- Salam & Abu-Zuid, 2015; Naveen et al., 2016; Chonattu et al., 2016; 
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Koda et al., 2017; Negi et al. 2018; Parth & Mukherjee, 2019). A remarkable 

concentration of insect repellent DEET (N,N-Diethyl-m-toluamide, upto 1.8 µg/L) 

was reported in groundwater of Kabwe of Zambia. Triclosan, THMs, herbicides, 

insecticides and chlorinated solvents were also observed in many samples of Kabwe, 

Zambia. Contamination of groundwater of Kabwe was more prevalent within shallow 

wells located in regions having houses without proper sanitation system and open 

disposal of household garbage (Sorensen et al., 2015). 

 Sewer Leakage 

 Leakage of sewerage water increases biological oxygen demand (BOD), chemical 

oxygen demand (COD), nitrate content and bacterial contamination of groundwater. 

In addition to this, heavy metals (As, Cd, Cr, Co, Cu, Fe, Pb, Mn & Hg) also 

introduced in groundwater through sewer placed in industrial zone (Dvory et al., 

2018). 

1.2.4 Miscellaneous Sources  

 Saline water Intrusion 

 In coastal areas, intrusion of saline water in ground aquifers increases the salinity of 

groundwater. Highly saline groundwater is found in areas near to sea & oceans. In 

deep ground aquifers, upward movement of natural saline water causes salinity 

problem. In case of shallow aquifers the same can take place from surface water 

discharges while in coastal aquifers the process is through an invasion of sea water. 

 Septic tanks and Cesspools 

Very commonly distributed sources for pollution of groundwater are septic tanks and 

cesspools. Domestic sewage introduce significant quantity of ions to subsurface 

water. Under natural conditions, bacteria and virus are removed in soil layers. 

Phosphorous is generally retained by the soil, but a substantial amount of nitrate 

enters into ground aquifers. 

 Spills and Surface discharges 

 Accidental discharge of liquids on earth surface by any unavoidable means (during 

transportation, leakage from container carrying liquid, leakage from pipes/valves, can 

percolate down to groundwater levels. Chemicals present in discharged liquid 

enhances ions concentration in groundwater or contaminate it.  
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1.3 MITIGATION OF GROUNDWATER CONTAMINATION  

 

Groundwater contamination is a serious problem because of the presence of variety of 

pollutants, their reactions with each other and alteration in groundwater quality. The 

fate of pollutants in groundwater is very difficult to estimate. Once pollutants enter 

the ground aquifers, it is very difficult to restore its quality. Counteraction should be 

immediately installed to prevent further damage to groundwater quality. The 

following reasons explain the assertion.  

1. The effects of groundwater pollution are visible only after contamination has 

introduced in it. 

2. Ground aquifers are inaccessible therefore it is impossible to purify it in its 

natural habitat. 

3. Time and energy consumption is very high for purification of groundwater. 

4. After terminating the source of contamination, groundwater takes a long time 

to reconstruct it natural quality. 

5. All water resources are inter-connected in hydrological cycle, and hence 

contamination can enters to ground aquifers through other surface water 

resources. 

6. Ground aquifers supply water to a large population for drinking and cooking 

purpose. When it becomes contaminated, immediate, alternative source of 

fresh water is not available. 

7. Ground aquifers are also used for irrigation water for a large crop land. Once 

the crop gets affected by contamination of irrigation water, it adversely affects 

a large group of population. 

Above facts signifies that the mitigation of groundwater contamination is very 

expensive and tedious process. It is an urgent need to specify the source of 

contamination in ground aquifers so that we can immobilize or destroy groundwater 

contaminants. The effect of waste water entering the ground aquifers should also be 

determined. 

Current study area is a region of alluvial plain and in last two decades, for the 

economic growth of this area, a large number of manufacturing industries are 

established here or shifted from nearby areas of Delhi and Ghaziabad. Various types 
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of industries; iron & steel industry, rice mills, cement industry, paper industry, 

chemical industry etc. are running in district Gautam Budh Nagar. The waste water of 

these industries containing the hazardous materials is dumped in nearby water bodies 

or directly into the ground aquifers without any treatment. Over a period of time toxic 

substances, present in industrial wastes, contaminate the surface water as well as 

groundwater. In this regard, the present study has been focused on quality assessment 

of groundwater of Gautam Budh Nagar District and its suitability for drinking and 

irrigation purposes. The details of this investigation are presented in various chapters 

of the thesis. 

1.4 OBJECTIVE OF CURRENT RESEARCH WORK 

To study the groundwater quality of Gautam Budh Nagar district of Uttar Pradesh, 

following objectives are kept for consideration.  

1. To determine the general physico-chemical properties of groundwater in 

agricultural area, industrial area and residential area. 

2. To determine the concentration of selected toxic heavy metals and compare 

the results with standard guidelines of BIS and WHO. 

3. To find out the acceptability of groundwater for drinking purpose. 

4. To find out the acceptability of groundwater for irrigation purpose. 

5. To investigate the effect of seasonal variation on groundwater quality. 

6. To investigate the effect of waste water on groundwater quality. 

7. To propose the Water Quality Index so as to multi layered concept of water 

quality can be communicated to society in numerical term. 

8. To prepare groundwater quality map for district. 

9. To Mark safe groundwater areas. 

The current work is a maiden attempt to describe impact of agricultural, industrial 

and residential waste water on groundwater quality. Due to scarcity of literature 

on ground water chemistry in current study area and limited financial and other 

resources to undertake detailed field investigation, certain short-comings are 

inevitable. However, it is felt that the thesis may prove useful in the field of 

hydrochemistry and understanding the problems of groundwater pollution. 
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2.1 GENERAL 
 

 
Water is a vital element of our environment. Water is second most important necessity 

for every living organism. Availability of clean and safe water is prime requirement 

for every human being. As clean surface water is no longer available for everyone, 

groundwater is another source to satisfy the demand. Due to increasing urbanization 

and industrialization, a stress is developed on ground aquifers. It results into 

deterioration of groundwater quantity and quality. A large amount of solid and liquid 

wastes is generated through industrial, agricultural and domestic activities. This waste 

contains a variety of chemicals and improper disposal of it causes environmental 

pollution. Directly or indirectly the hazardous chemicals present in waste, enters the 

ground aquifers and contaminate it. High alkalinity and hardness, elevated 

concentration of fluoride, nitrate, heavy metals and organic matters in groundwater 

causes serious health issues (Ngah et al., 2012; Nowak et al., 2012). Akinbile & 

Yusoff, (2011) reported that dumping of solid industrial wastes at landfill sites caused 

contamination of groundwater at that place. It was also reported that total dissolved 

solids  (TDS)  of  subsurface  water  decreased  as  the  distance  from  landfill  site 

increased. Leachates generated from these landfill sites contain a large quantity of 

metal ions (Aderemi et al., 2011). The groundwater contamination level in India was 

studied by many researchers and at many places it needs urgent remedial measures 

(Nagamani et al., 2015; Bhattacharya et al., 2013). Industrial effluent of most of the 

type of industries (like cement, paint, automobiles, textile, paper, leather etc.) contain 

hazardous metals. The improper disposal of these industrial effluents in unscientific 

manner allows to leave a large quantity of heavy metals in the ecosystem. These 

metals mixes with rain water and percolate down through the soil layers and reach to 

ground aquifers. As these metals are persistent and highly soluble in water, hence 

reside in subsurface environment for a long time (Karthika et al., 2015). From the 

intake of contaminated water, these metals can easily entered into the body of living 

organisms causing acute and chronic both type of diseases. 

 

Northern part of India is heavily populated region due to its diverse climate, heavy 

rainfall, fertile land and perennial rivers. A great number of industries have been 

established  here  due  to  availability  of  raw  materials,  man  power  and  good 
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transportation system. Due to increasing industrialization and urbanization, a lot of 

wastes is produced in this region. Agriculture is also very high in this region (Uttar 

Pradesh, Haryana and Punjab). Due to farming, a large quantity of agricultural waste 

water is also generated in this region. Many researchers throughout the world studied 

the effects of waste water on groundwater quality (Balakrishnan et al., 2008; Tariq et 

al., 2008; Azom et al., 2012; Singh & Rao, 2013; Kumar, 2014; Olaoye & Oladeji, 

2015; Matta et al., 2016; Selvakumar et al., 2017; Abdalla & Khalil, 2018; Kanagaraj 
 

& Elango, 2019). Groundwater quality of few villages of Haryana was analysed by 

Meenakshi et al., (2004) and reported high fluoride concentration in groundwater 

causing dental fluorosis. Groundwater quality of Najafgarh region was also found 

poor (Adhikary et al., 2010). Effect of effluent, coming from Panipat sugar mill of 

Haryana, on groundwater quality, was studied by Yadav & Daulta, (2014). They 

concluded that biological oxygen demand, dissolved oxygen and alkalinity of 

groundwater was very high in that area. 

 

Kumar et al., (2016) studied the effects waste water of dairy and domestic sewage on 

groundwater quality of Adil Nagar, Lucknow. Studies were carried out in summer, 

monsoon & winter season of 2014. Results of study revealed that pH, alkalinity, total 

hardness, PO4, SO4 and Cl of groundwater were higher in summer season whereas 

nitrate concentration increased after precipitation (NO3; 17.12 mg/L). The metal 

content of analysed samples were higher in winter season except copper and 

manganese. They concluded that dumping of dairy wastes and domestic effluents was 

contaminating ground aquifers. 

 

Kumar et al., (2017) investigated the distribution pattern of chemical parameters of 

groundwater in the Chhaprola Industrial Area, Gautam Buddha Nagar, Uttar Pradesh, 

India. They also studied source of groundwater contamination and polluted water 

borne diseases among the local residents. The results of their study concluded that the 

concentration of few toxic metals such as Al, As, B, Cd, Cr, Mn, Pb and U exceeded 

the standard values of WHO (2011) and BIS (2012) at some locations while Ba, Cs, 

Cu, Fe, Ga, Ge, Li, Mo, Ni, Rb, Sb, Se, Sr, Th, Ti, V, W, Y and Zn were well below 

the standard values. 

 

In agricultural areas, out of various groundwater pollutants, nitrate is a major pollutant 
 

(Rahmati et al., 2015; Wu & Sun, 2016; Asadi et al., 2017). A number of researchers 
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investigated the occurrence and distribution scenario of subsurface nitrate 

contamination in India. In the studies, both type of source of nitrate pollution were 

identified - anthropogenic and geogenic. Vertical and lateral movement of nitrate in 

soil layers was studied by Rao, (2006) in Srikakulam district of Andhra Pradesh. In 

groundwater samples nitrate concentration was detected upto 450 mg/L. Nitrate 

leaching in that area was determined by the geological composition of clay and sand. 

Agricultural source of nitrate in groundwater (7.10 – 82.0 mg/L) was evidenced by 

studies carried out in the arid or semi-arid area in Thar desert of India. Similarly 

disposal of livestocks excreta increased groundwater nitrate level (Singh & Sekhon, 

1976). Central Ground Water Bureau (CGWB, 2010) studied the groundwater nitrate 

contamination at district level all over India. The results of the study concluded that in 

many states of India (Andhra Pradesh, Haryana, Karnataka, Madhya Pradesh, 

Maharashtra, Orissa, Punjab, Rajasthan and Uttar Pradesh) groundwater nitrate 

contamination level was far beyond the standard limit of BIS. 

 
2.2 REVIEW OF INTERNATIONAL STATUS OF GROUNDWATER 

QUALITY 

 
Hakim et al., (2009) evaluated the suitability of subsurface water for domestic, 

irrigation, and industrial activities in Chiribandar in Dinajpur district of Bangladesh. 

After analyzing the results, they concluded that except at few places water quality was 

suitable for drinking, irrigation, and industrial purposes. The nitrate and phosphate 

concentration was very less. In terms of boron and SSP, groundwater samples were 

good to excellent type. All the analysed sample were moderately saline and low 

alkaline. TDS and RSC values of groundwater samples were also suitable for 

irrigation. Arsenic concentration was less than the standard limit. 

Groundwater  quality  is  influenced  by  the  land  use  pattern  and  human  activities 

running in the area. Lerner & Harris, (2009) suggested that commercial and 

agricultural activities running in a region should be according to the geology of that 

area and environmental conditions. Jiang et al., (2009) documented that water quality 

of underground river system of Nandong in China, was affected by factors- 

contamination from human activities, interaction between water and limestone/ 

dolomite rich rocks. 
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Aghazadeh & Mogaddam, (2010) evaluated the groundwater quality of Oshnavieh 

plain in West Azarbaijan province of Iran, for drinking and irrigation. Analytical 

results revealed that groundwater quality was governed by the lithology of that area 

and water was appropriate for human consumption and irrigation of crop land. 

 

Sayadi et al., (2011) investigated the groundwater quality of Anar city, Kerman, Iran 

for utilization in drinking and irrigation. Groundwater samples were collected in the 

consecutive seasons, i.e. spring, summer, autumn and winter in the year of 2010. 

Analytical results showed SAR values from 54.78 to 61.16 in the spring and summer 

seasons respectively. The irrigation water quality in the study area was categorized as 

very poor with reference to SAR and strongly suggested that groundwater was not 

suitable for human consumption. 

 

Ezekwe et al., (2012) studied the effects of contaminated water on health of residents 

of the Lokpaukwu, Lekwesi and Ishiagu mining areas of south-eastern Nigeria. 

Sampling of twenty seven groundwater samples was done in June 2007 and February 

2008. All the samples were inspected for water quality parameters and heavy metals. 

Analytical results revealed that most of the analysed samples i.e. 73% exceeded the 

standard value of iron given by WHO (0.3 mg/L). In nearly 41% of samples, 

manganese was analysed beyond the standard limit (0.4 mg/L). Mental related illness 

was very likely seen among the residents of that area. They concluded that prolonged 

consumption of manganese rich water results into mental illness. They also 

recommended that groundwater system of mining area was very critical and needs 

attention. 

 

Matini et al., (2012) examined the temporal variation in subsurface water quality in 

southwestern Brazzaville, Congo. They studied the groundwater samples twice in a 

year (March to April 2008 & July to August 2008). Analytical results revealed that 

most of the parameters (except pH and NO3) had lesser value in dry season. In rainy 

season, groundwater hydrochemical facies was Mg-Ca-HCO3 and in dry season it was 

Na-HCO3. The natural factors governing the composition of groundwater were 

weathering of silicate & carbonate from rocks, ion exchange between water & rocks. 

High concentration of HCO3 in groundwater in rainy season was due to silicate 

weathering. 
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Wirmvem et al., (2013) studied the chemistry of surface and subsurface water in the 

Ndop plain, North West Cameroon for the suitability for drinking and irrigation. 

About 69% of samples have acidic nature of water. Conductivity value (less than 282 

µS/cm) and TDS value (less than 183 mg/L) of groundwater samples were very less 

showing less dissolution of minerals. The increasing order of ion concentrations was 

K < Mg < Ca < Na (for cations) and SO4 < Cl
-
< NO3  < HCO3  (for anions). All the 

analysed ions were well below the corresponding standard value given by WHO. The 

analysed water was suitable for irrigation. 

 
The impacts of the urban and industrial effluent on quality of surface and subsurface, 

in Annaba area of Algeria during 1999-2007  was studied by Bougherira et al., 

(2014). The groundwater showed a high electric conductivity (> 560 µS/cm), a high 

chloride content (> 6000 mg/L) and a high sodium concentration (420 mg/L). The 

concentration of chromium was 0.02 to 1.25 mg/L in the wells near to industries. 

River Meboudja in Annaba was acting as a diffuse source of contaminations all along 

its course. 

 

Jesmanitafti et al., (2014) investigated the impacts of using wastewater coming from 

industrial states for irrigation in industrial state of Shokouhieh in Qom Province in 

central of Iran. The water quality parameters and heavy metals were examined in 

inputting wastewater into refinery, outputting wastewater and soil of that area. Rapid 

Impact Assessment Method (RIAM) and Entropy Method were used to assess the 

results. The results of both the methods revealed that using of wastewater effluent for 

irrigation of green area results into entrance of chemical pollutants (nitrate) into 

groundwater. Soil of industrial area became saline and toxic. The results of study 

revealed that environment of industrial state was not safe for workers and labors. 

 

Liu et al., (2014) investigated metal concentration in wheat plants near the Fengfan 

lead- acid battery factory in Baoding, China. The concentration of heavy metals in 

agricultural  soil  (As,  Cd,  Cr,  Cu,  Mn,  Ni,  Pb  and  Zn)  and  in  wheat  plants  at 

progressive level of growth (Cd, Pb and Zn) were investigated. The results of the 

study revealed that the mean content of the studied metals in the surface soils were all 

lower than the guideline value. However the contamination factor for Pb ranged from 

2.8 to 5.3. The elements Cd, Pb and Zn entered the soil through atmospheric 

deposition. 
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Aly et al., (2014) used water quality index method for analyzing the drinking 

suitability of groundwater before and after purification treatment in Hafar Albatin, 

Saudi Arabia. They also studied the fitness of untreated subsurface water for irrigation 

purpose. Analytical results concluded that most of the untreated wells came under 

unsuitable category (class V), 39% of samples were having very poor water (class 

IV), and 14% fell under poor category of water (class III). After treatment quality of 

groundwater have been improved to poor category (class III) and good category (class 

II). From Durov and Piper plot, major hydrochemical facies were sodium chloride and 

calcium sulfate–chloride. 

 

Pourghasemi & Beheshtirad, (2015) generated groundwater potential map (GPM) in 

the Koohrang Watershed, Chaharmahal-e-Bakhtiari Province, Iran. For study purpose, 

864 groundwater samples were collected and analysed. The study was carried out in 

three stages – preparation of data, plotting of potential map and validation of model 

using receiver operating characteristic (ROC) curve. The results of study were helpful 

for engineers in management of water resources and land-use planning. 

 

Cai  et  al.,  (2015)  assessed  the  adverse  health  impacts  due  to  heavy  metals  in 

residents, near Tonglushan mine in Hubei, China. Soil, crop, well water and fish 

samples were investigated for Cu, Cd, Pb and As. Results of the study indicated that 

soil near the mine was metal contaminated. Groundwater samples had high 

concentration of Cd, Cu and As. The mean estimated daily intakes of Cd and As metal 

were higher than the corresponding provisional tolerable daily intake. 

 

Wongsanit et al., (2015) studied the nitrate pollution in subsurface water and its 

negative health impacts on population at lower Mae Klong river basin of Thailand. 

Hazard quotient was calculated and health risk maps were generated on the basis of it. 

US Environmental Protection Agency guidelines were used for standardization. 

Analytical results revealed that application of nitrate rich fertilizers was responsible 

for elevated concentration of nitrate in groundwater. It was advised that nitrogen 

management practices should be adopted by the farmers to save the quality of 

groundwater. 

 

Rasool et al., (2016) studied the metal contamination in the tube well water of Jallah 

Jeem and DurPur, Punjab in Pakistan. The source of contamination and associated 

health risk to local residents was also studied. Analytical results revealed that mean 
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concentration  iron,  cadmium,  lead,  sodium,  arsenic,  bicarbonate  and  sulphate 

exceeded the WHO limits in the tube well water. Hazard quotient of arsenic and 

cadmium was greater than 1 in tube well water. Study concluded that daily intake of 

heavy metal rich water caused potential health hazards among the local residents of 

study area. Irrigational suitability of tube well water was also analysed in terms of 

residual sodium carbonate, SAR, kelly’s index, Na% and magnesium absorption ratio. 

Tube well water of both the areas was found unfit for irrigation in terms of sodium 

percent and kelly’s index. 

 

Shinzato & Hypolito, (2016) investigated the   effect of disposal of aluminium 

recycling waste in soil and water bodies. The major waste products were dross, non- 

metal waste and liquid effluent. The  disposal of dross (aluminium nitride) in soil 

decreased the pH (< 4) of groundwater and increased the aluminium, sodium, 

potassium, barium, nickel, lead, copper and zinc ion concentration. The disposal of 

untreated aluminium recycling wastes can contaminate groundwater and surface 

waters, majorly due to high level of N-NH3 and is very toxic. 

 

Chatterjee et al., (2017) studied the high arsenic problem in groundwater in West 

Bengal (India). In India and Bangladesh, arsenic contamination was a major problem 

of groundwater. They studied ground water chemistry and quality by a systematic 

screening operation of tube wells in West Bengal. Groundwater was mainly calcium 

bicarbonate type and at shallow depth it was sodium chloride type. The results of 

study revealed that the distribution pattern of metal in groundwater system was related 

with  land-use  characteristics.  They  also  suggested  that  arsenic  release  was  also 

affected by local land use conditions (municipal wastes and agricultural wastes). 

 

Rezaei & Hassani, (2017) studied the groundwater hydrochemical parameters in the 

north of Isfahan, Iran. The results of the study were equated with the drinking 

guideline  values  of  the  world  health  organization  (WHO).  Analytical  results 

concluded that groundwater of study area was alkaline in nature (from 7.05 to 8.95 

with a mean of 7.78). TDS of 14% of the groundwater samples were higher than the 

standard limit of WHO. Electrical conductivity of 23% of the samples were more than 

the standard limit. The groundwater was majorly (45% of samples) sodium sulphate 

type. 
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Mattos et al., (2018) examined spatial-seasonal changes in quality of subsurface 

water  in  municipality  of  Lençóis  (Bahia)  in  northeastern  Brazil.  They  specified 

natural and anthropological factors that governed the hydrochemistry of water. From 

Gibbs plot, they concluded that rainfall recharge was more prevailed than rock-water 

interaction. Hydrolysis and mineral dissolution also controlled water chemistry of that 

area. At many clusters, waste water mobilization influenced groundwater chemistry in 

Lençóis. Similar type of seasonal and spatial variation in groundwater quality was 

studied by Rouxel et al., 2011 (in France); Matini et al., 2012 (in Congo); Li et al., 

2017 (in China); Kammoun et al., 2018 (in Tunisia); Edet, 2018 (in Nigeria); 

Chitsazan et al., 2019 (in Iran). 

 

Hausladen et al., (2018) examined the distribution pattern and sources of hexavalent 

chromium in groundwater of California. They identified the source of groundwater 

chromium from the metal plating industry around Los Angles and the San Francisco 

Bay  areas,  natural  redox  conditions  along  flow  paths  in  the  Mojave  Desert  and 

farming in the Central Valley of California. 

 

Bexfield et al., (2019) detected the occurrence of hormone and pharmaceuticals in 

groundwater across the United States. They analysed the groundwater samples for 21 

hormones and 103 pharmaceuticals. Thirty-four compounds were detected in analysed 

samples - one plastics component (bisphenol A), three pharmaceuticals 

(carbamazepine, sulfamethoxazole, and  meprobamate), and  the  caffeine degradate 

1,7-dimethylxanthine. At one site, hydrocortisone had a concentration greater than a 

human-health benchmark. 

 

For the assessment of characteristics of groundwater, entropy-weighted water quality 

index method was used by many researchers (He & Wu, 2019; Li et al., 2019; Su et 

al., 2019). They concluded non-carcinogenic health risks in humans due to ingestion 

of nitrate, sulphate and chromium contaminated water. Irrigational suitability of 

groundwater of Guanzhong basin of China was studied by Xu et al., (2019). They 

reported that there was no alkali hazard due to use of groundwater for irrigation but 

soil can suffer slightly salinity hazard in that area. They suggested that salinity of soil 

could be controlled with proper drainage. 
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2.3 REVIEW OF NATIONAL STATUS OF GROUNDWATER QUALITY 

Batheja et al., (2007) studied quality parameters of subsurface water at Churu tehsil 

of Rajasthan. Collected samples were analysed for TDS, EC and major ions (calcium, 

magnesium,  nitrate,  fluoride,  sodium  and  potassium).  On  equating  the  analytical 

results with standards of Indian Council of Medical Research, they concluded that 

majority of samples were unfit for direct human consumption (having TDS > 1500 

mg/L). 

 

Muhamed & Mukundan, (2007) studied seasonal effects on drinking quality of 

groundwater at four stations (Kanakkankadavu, Purappallikavu, Pathalam and 

Manjummal) in the Periyar river basins in Ernakulam district of Kerala. Analytical 

data showed that calcium, magnesium, nitrate and sulphate content of groundwater 

were high in summer season and in monsoon season, water was acidic, turbid and less 

saline. During summer season, toxic metals were detected in samples of 

Kanakkankadavu and Purappallikavu. In samples of Kanakkandavu, mercury and lead 

were detected. Analytical results concluded that groundwater of that area was partially 

fit for human consumption and could be used after proper treatment. 

 

Kumar et al., (2007) have investigated the suitability of groundwater for drinking 

and irrigation activities in two districts of Punjab - Patiala and Muktsar. Seasonal 

variation in groundwater quality was also investigated. By comparing the results with 

WHO standards, it was concluded that groundwater quality of district Patiala was 

better than that of Muktsar district. The effect of precipitation on groundwater of two 

district was different. Groundwater of Patiala district showed dilution while 

groundwater of Muktsar district showed more leaching of harmful chemicals during 

monsoon season. 

 

Bangar et al., (2008) have studied irrigation suitability of groundwater in Ujjain 

district of Madhya Pradesh. Physico-chemical parameters were analysed in collected 

subsurface water samples. Out of 712 samples, 105, 144, 150, 84, 68, 111 and 50 

samples belong to Ujjain, Mahidpur, Khachrod, Tarana, Barnagar, Nagda and ghatia 

tehsils of the district respectively. Analytical results were compared with standards of 

Central Soil Salinity Research Institute. Majority of samples (80%) showed good 

water  quality,  14%  of  samples  were  saline  and  6%  of  samples  were  alkaline. 

Dominant cations were Ca, Na and Mg and dominant anion was Cl followed by HCO3 
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and CO3. High negative correlation was observed between pH and SO4 while Na with 

 

EC and HCO3 with RSC showed significant positive correlation. 
 

 

Gowd & Govil, (2008) studied the contamination of surface water bodies of Ranipet 

industrial area of Vellore district, on Chennai-Bangalore highway.  A large number of 

industries, including 240 tanneries, were located in Ranipet town. The effluent of 

these industries were discharged into Puliathengal, Vanapadi and Thandalam lakes. 

The  conclusion  of  the  study  was  that  surface  water  body  of  that  area  was 

contaminated with Cr, Cd, Cu, Pb, Ni and Zn. The ranges of analysed metals were - 

cadmium from 0.2 to 401.4 μg/L, chromium from 2.4 to 1,308.6 μg/L, copper from 

2.1 to 535.5 μg/L, nickel from 1.6 to 147.0 μg/L, lead from 6.4 to 2,034.4 μg/L and 

zinc from 20.8 to 12,718.0 μg/L. High chromium content in water bodies was due to 

effluent coming from tanneries. Results of the investigation also concluded that 

residents of that area were suffering from many diseases like asthma,  chromium 

ulcers and skin diseases. 

 

Srivastava & Ramanathan, (2008) studied level of contamination in groundwater 

near Bhalswa landfill site by applying multivariate statistical techniques. High amount 

of nitrate, fluoride and heavy metal were present in groundwater. Leaching of 

hazardous metals from dumping sites to ground aquifer was evidenced by statistical 

analysis, temporal and spatial variation. The study revealed that hazardous chemicals 

were leaching from landfill site and affecting groundwater quality in nearby areas 

 

Balakrishnan et al., (2008) studied the effect of effluents of dyeing industries on 

ground aquifers in Kancheepuram town of Chennai. The analytical results were as 

follows; TDS (1138 - 2574 mg/L), TH (225 - 760 mg/L), Cl (216 - 847 mg/L), SO4 

(64 - 536 mg/L), NO3  (up to 58 mg/L), Fe (up to 2.3 mg/L) and Pb (up to 0.281 

mg/L). The user specific water quality indices (USWQI) were also calculated for 

every collected sample. The USWQI for drinking suitability ranged from 85 to 30 

showing fair type of water quality. The USWQI for agricultural suitability ranged 

from 89 to 50 showing good type of water quality. To provide safe drinking water to 

everyone, a comprehensive plan of action was recommended by the author in the 

studied region. 

 

Garg et al., (2009) studied the drinking suitability of groundwater in Bhiwani region 

of western Haryana.  After analyzing various  quality parameters in  collected 275 
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samples of groundwater, it was concluded that fluoride was major contaminant of 

groundwater. A maximum concentration of fluoride (86 mg/L) was obtained from 

Motipura village. Block wise percentage of samples with fluoride content above 

permissible limit of BIS - Siwani (84%) > Charki Dadri (58%) > Bhiwani (52%) > 

Bawani Khera (33%) > Loharu (14%). Author suggested that consumption of fluoride 

rich water can cause dental fluorosis among the residents of that area. 

 

Evaluation of groundwater quality in various zones of Tamilnadu was done by various 

researchers (Arumugam & Elangovan, 2009 (in Tirupur region, district 

Coimbatore); Kumar et al., 2009 (in Manimuktha river basin); Subramani et al., 

2009 (in Chithar river basin); Balachandar et al., 2010 (in Coimbatore region); 

Nagarajan et al., 2010 (in Thanjavur city); Vasanthavigar et al., 2010 (in 

Thirumanimuttar sub-basin). They all concluded the presence of excess of ions 

(potassium, nitrate, phosphate etc.) in groundwater. 

 

Jain et al., (2010) evaluated the drinking quality of groundwater and spring water of 

Nainital district in Uttarakhand. Forty groundwater samples were examined for 

chemical, microbial and heavy metals characteristics. Seasonal variation in 

groundwater quality was also assessed during study period. Alkalinity of groundwater 

decreased in post-monsoon season (from a maximum value of 380 mg/L to 354 

mg/L). Nearly 10% of analysed groundwater samples showed high TDS value 

indicating mineralization of groundwater. In 60% of samples nickel content was 

beyond the WHO standard (0.07 mg/L). All the analysed metal were within the 

prescribed limit. Only one sample showed high quantity of iron and Lead. 

Groundwater was free from any bacterial contamination but removal of microbial 

contamination in spring water was required. Similar type of studies were done by 

Chatterjee et al., 2010 in Dhanbad district of Jharkhand. Dhanbad district is a major 

coal  mining  area  of  India.  Despite  of  mining  activities,  drinking  quality  of 

groundwater of that area was good to excellent type. 

 

Vyas, (2011) studied the water quality in Gandhinagar town of Gujarat. Gandhinagar 

town was the cultural, administrative and educational headquarter of Gujarat. It is a 

riverside city with a ribbon pattern. For the analysis of groundwater, 84 samples of tap 

water were collected from water system of the town during the period April 2006 to 

March 2007. All the collected samples were analysed for water quality parameters. 
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Analysed data was compared with BIS and WHO standards. From the results, it was 

observed that all analysed parameters were well below from the corresponding 

standard permissible limit. Low fluoride content (mean 0.6 mg/L) was analysed in 

100% of samples. Nearly 13% of samples showed high iron content (mean 0.45 

mg/L). The groundwater of study area was very hard. Major cations were Ca & Mg 

and major anions were CO3 & HCO3. 

 

Vijay et al., (2011) examined the drinking suitability of subsurface water of Puri city 

in India. Study was carried out in post-monsoon season of year 2006 and summer 

season of year 2007. Drinking water standards of BIS and EPA were used to compare 

the analytical results. Seasonal variation was observed in water-quality parameters. 

Water quality in water fields was partially fit for human consumption. However in 

city, quality of water was adversely affected due to municipal wastes. The study 

concluded that groundwater was contaminated due to various domestic activities. 

 

Kaur & Singh, (2011) have carried out studies on irrigation quality of groundwater in 

Bikaner city of Rajasthan. Major cations and anions were analysed in collected 

samples. To understand the irrigation suitability of water, chemical indices like SAR, 

percent sodium and RSC were measured on the basis of analytical results. Finally it 

was reported that some of the sampling sites were not fit for human consumption and 

irrigation activities. 

 

Kamaldeep et al., (2011) identified the groundwater contamination due to industrial 

effluent in Baddi-Barotiwala industrial belt of district Solan in Himachal Pradesh. 

Effluent coming from various industrial establishments have deteriorated the quality 

of groundwater. Analytical results have been compared with the drinking standards of 

BIS. High content of metals like iron, copper, lead and manganese has been obtained 

from groundwater samples. Discharge of untreated industrial effluents was the major 

source of groundwater pollution in Baddi-Barotiwala area. 

 

Singh et al., (2011) evaluated the groundwater quality in Shiwaliks of Punjab. 

Groundwater is the major source for irrigation of crops in Shiwaliks of Punjab. 

Principal components analysis (PCA) and other factor analysis were applied to 

interpret the analytical data. The PCA suggested that both anthropogenic and natural 

factors were responsible for excessive ion concentration in groundwater system. The 

content of manganese and cadmium were above the permissible limit at all sampling 
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locations while lead and iron were higher than permissible limit at few locations. 

From piper graphical method, major hydrochemical facies of groundwater samples 

was Ca–Mg–HCO3 type. 

 

Mandal & Kumar, (2012) studied the groundwater contamination of Naraina 

industrial  area  of  Delhi.  Each  sample  was  analysed  for  13  physico-chemical 

parameters and 5   trace metals - Fe, Cu, Pb, Cr and Cd. All of the groundwater 

samples (except one) showed high value of TDS and trace elements. The mean 

concentration of metals were - Fe (0.04 ± 0.03 mg/L), Cu (0.04 ± 0.02 mg/L), Pb 

(0.03 ± 0.03 mg/L), Cr (0.04 ± 0.03 mg/L) and Cd (0.04 ± 0.02 mg/L). All the 

groundwater samples (except one) were in poor type of category of water. To identify 

the source of contamination, they recommended periodical assessment of groundwater 

quality. Characterization of industrial waste water was also suggested. 

 

Vaishnav  &  Dewangan,  (2012)  studied  the  surface  and  sub-  surface  water  of 

BALCO industrial area of Korba. The study period was from July 2009 to Dec 2009. 

Four groundwater samples and six samples of surface water were analysed for quality 

parameters & metals (Fe, Al, Mn, As and Zn). Interpretation of analytical data was 

done through statistical parameters- mean, standard error, % CV (coefficient of 

variation), correlation coefficient and WQI. The water samples collected from both 

ground and surface sources showed high concentration of ions and metals. At few 

places, metal concentration was much higher than prescribed limit. 

 

Singh & Ghosh, (2012) analysed arsenic concentration in groundwater of two 

panchayat of Patna district of Bihar- Rampur Diara (RD) and Haldichapra (HC). Risk 

assessment  due  to  intake  of  arsenic  rich  water  was  also  done.  All  the  analysed 

samples crossed the standard limit of WHO and BIS. For health risk assessment, 

population of 264 from panchayat RD and 222 from panchayat HC were taken into 

study. Four age groups of population were chosen for health assessment - children (5– 

10 years), youth (11–20 years), adults (21–39 years), and the elderly (40+ years). 

Hazard quotients were also calculated for both district. It was from 12.1 to 41.6 (RD 

population) and from 58.3 to 192.5 (HC population). Analytical results revealed that 

children of HC population were more prone to cancer than those of RD population. 

 

Ananthakrishnan et al., (2012) investigated the subsurface water quality in Alathur 

block of Perambalur district for drinking suitability. The study was conducted over 
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ten villages in Perambalur district of Tamilnadu. It covers more than 60 sq.km. Ten 

bore  wells  in  the  fertile  area  were  selected  for  their  study.  Physico-chemical 

parameters of bore well water were analysed three times in a year (pre-monsoon, 

monsoon and post- monsoon). From the results, it was revealed that most of the 

parameters in all three seasons exceeded the desirable limit given by WHO and ICMR 

standards. 

 

Das et al., (2013) examined major ions, heavy metals and microbial content of water 

samples from chromite mine quarry of Sukinda and nearby areas. Mine water 

possessed high concentrations of heavy metals (chromium > iron > zinc > nickel > 

cobalt > manganese). Ground water samples were free from metal contamination. 

Only few samples showed presence of iron in it. Quality of mine water was different 

from nearby areas. Microbial population of mine water was lesser than water of areas 

near to mine. Bacterial colony obtained from mine water showed more resistence 

towards chromium, other heavy metals and antibiotics. It was an indication of heavy 

metal contamination of groundwater. 

 

Kanmani & Gandhimathi, (2013) investigated the impacts of leachate originated 

from an open dumping site in Ariyamangalam of Tiruchirappalli district in Tamil 

Nadu, on groundwater. Groundwater samples were examined for various physico- 

chemical parameters and five metals (Cd, Cu, Mn, Pb, and Zn). Analytical results 

showed saline nature (TDS 740 – 14,200 mg/L) of groundwater. Groundwater pH, 

sulphates and nitrates concentration were well below the prescribed limit of BIS and 

WHO.  Chloride  concentration  ranged  from  215.15  to  4,098.73  mg/L.  High  lead 

content (0.59 mg/L) was obtained from groundwater samples collected near to 

dumping site. Results of study concluded that groundwater of Ariyamangalam site 

was polluted from the chemicals present in leachate. 

 

Dubey et al., (2014) assessed the quality of groundwater of Dwarka district of Delhi. 

Study was carried out in June 2013. Various quality parameters were analysed in 

Dwarka sub-city and Najafgarh drain samples. Analytical results were expressed in 

terms of WQI. Measured WQI ranged from 58.3 (Dwarka Sec. 6) to 907.2 (Dwarka 

Sec. 12). According to value of WQI, 30.77% of samples were not fit for human 

consumption,  46.15%  of  samples  showed  poor  quality  of  water  and  19.23%  of 

samples have been categorised into poor quality. 
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Impacts  of  disposal  of  solid  wastes  on  ground  water  quality  was  studied  by 

Nandwana & Chhipa, (2014) at different disposal site at Jaipur. The results of study 

concluded that the waste water which was generated due to biodegradation of waste 

percolated down to soil layers and caused contamination of ground water. 

 

Manjeet et al., (2014) have studied the potability of groundwater in various villages 

of Gurgaon district of Haryana. The fluoride level in groundwater was also assessed 

during study. Nearly 24% of analysed samples were having fluoride concentration 

above the standard limit. Authors concluded both natural and anthropogenic sources 

of fluoride in groundwater. Dissolution of fluoride rich minerals like apatite, fluorite 

and mica was responsible for fluoride rich groundwater in that area. Effluents of 

various industries were also contributed for high fluoride content. 

 

Karthika et al., (2015) analysed the effluent coming from paper and pulp industry 

and its impact on ground water quality at Madathukulam, Udumalpet city. The TDS 

of effluent of paper industry was 1329 mg/L while TDS of groundwater was four 

times higher than the standard value of BIS. 

 

Basavarajappa & Manjunatha, (2015) analysed the quality of groundwater in 

Precambrian rocks of Chitradurga district of Karnataka, using geo-informatics 

techniques. 

 

Selvam et al., (2016) identified the sources of groundwater pollution in Dindigal 

district  of  Tamil  Nadu.  The  study area  was  having  80  functional  tanneries.  The 

effluent of tanneries was deteriorating groundwater quality. Contamination of 

groundwater was also due to irrigation return flow, municipal waste water, and 

discharge of septic tanks. 

 

Bhutiani et al., (2016) examined the groundwater quality of Haridwar. They analysed 

heavy metals (Cr, Co, Ni, Fe and Zn) in the collected samples. To analyse the data, 

principal component analysis & hierarchial cluster analysis were done. In nearly 94% 

of samples heavy metals were obtained. Maximum concentration of all the analysed 

metals (except Zn) exceeded the corresponding guideline value given by WHO & 

BIS. Iron was found in higher concentration in monsoon season due to increased rate 

of rusting of pipes and more dissolution of iron in rain water. The report concluded 

the absence of carcinogenic effect among the population of that area. 



Review of Literature 

30 | P a g e 

 

 

 
Gupta & Sharma, (2016) analysed the spatial variation in quality of groundwater 

with depth in Delhi region. Study period was from 2012 to 2014. From the data 

obtained from analysis, variability maps were plotted with kriging tool. The analytical 

results were in negative correlation with the depth of groundwater. The prepared 

distribution maps of various parameters showed that the physico-chemical values 

were higher in northern region while groundwater depth was maximum in southern 

part of study area. 

 

Selvakumar et al., (2017) examined quality parameters of twenty groundwater 

samples of southern Tiruchirappalli district of Tamilnadu. The analytical results 

indicated alkaline nature of groundwater. The dominant cations were Na, Ca & Mg 

and dominant anions were HCO3, Cl, SO4  & NO3. Hardness of majority of samples 

and TDS of 55% of samples were well below corresponding standard limit of WHO. 

According to the Piper plot, dominant hydrochemical facies were Ca–Mg–Cl, Ca– 

HCO3, and Ca–Cl type. 

 

Tirkey et al., (2017) compared the quality of groundwater in different zones of 

Ranchi city of Jharkhand. They analysed physico-chemical parameters and ten heavy 

metals in groundwater samples. Out of total analysed metals, As, Mn, Ni and Se 

varied from 0 to 200 µg/L, 0 to 80 µg/L, 0 to 4200 µg/L and 30 to 140 µg/L 

respectively. Results of principal component analysis and correlation study concluded 

that Ca, Na and HCO3  were dominant ions. The decreasing order of relative 

concentration of the cations was Ca~Na > Mg > K and for anions was Cl > SO4 > NO3 

> F > PO4. Results of zonal variation revealed that industrial and commercial zones 
 

had poor water quality compared to rural, peri-urban and urban zones. Results of 

water quality index (WQI) values showed that only 9% of samples had good water 

quality. The results of study also concluded that risks of non-carcinogenic eff ect of
 

arsenic and selenium were high among the residents of study area. 
 

 

Jareda et al., (2018) analysed the subsurface water quality of Bailadila iron mines 

and nearby regions of Dantewada district in Chhattisgarh. Five metals (Al, Cr, Pb, Fe 

& Zn) were analysed in collected samples. Seasonal variation in metal concentration 

was also analysed. Analytical results revealed that metal concentration in groundwater 

of Bailadila iron ore mine area followed the trend Fe > Zn > Al > Cr > Pb. Overall 
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results of study concluded that groundwater of mine area was contaminated and not 

safe for human consumption. 

 

Adimalla et al., (2018) analysed fluoride and nitrate pollution in groundwater of 

Nirmal district of Telangana. This state has fluoride mineral rich granite rocks hence 

distribution of fluoride in ground aquifers is high (Adimalla & Venkatayogi, 2017). 

The results of study concluded that nearly 26% of samples crossed the standard limit 

of nitrate and nearly 21% of samples were beyond the permissible limit of fluoride set 

by BIS. Total health index values of groundwater samples showed that 67.65% (for 

men), 79.41%, (for women) and 82.35% (for children) of samples were above total 

health index. 

 
Jampani et al., (2018) analysed the groundwater of Kachiwani Singaram of the Musi 

river basin adjacent to the city of Hyderabad. Kachiwani Singaram region was using 

waste water irrigation technique from last 40 years. The groundwater quality was 

negatively affected by this process. Groundwater became excessive saline due to 

waste water irrigation. They outlined total dissolved solids of groundwater in the 

range of 430 mg/L to 2221 mg/L and the sodium content of groundwater from 35 to 

379 mg/L. They also concluded that ion content increased after precipitation. Similar 

type of results were obtained by Negi et al., 2018 in groundwater of Chandigarh, 

Panchkula, and Mohali city of Punjab where shallow groundwater samples had 

ammonical nitrogen (9.8 mg/L), COD (128 mg/L), Cl (115 mg/L), Na (98 mg/L) and 

K (42.2 mg/L). 

 
Gaikwad et al., (2019) studied mobility of ions in ground aquifers of Terakhol river 

basin in Sindhudurg district of coastal Maharashtra. They analysed sixty-five 

groundwater samples. Analytical results showed acidic to alkaline nature of water. 

pH, bicarbonate and fluoride content of groundwater samples were above the standard 

value of WHO. High fluoride level of water was due to rock-water interaction. The 

decreasing order of major ions was Ca > Na > Mg > K (cations) and HCO3 > Cl> SO4 

> NO3 > F (anions). Piper plot of ions showed that Ca-HCO3 and Ca-Cl-HCO3 were 
 

dominant hydrochemical facies of groundwater. Irrigation suitability of groundwater 

was also studied on the basis of USSL, SAR, Na% and kelly index. Salinity and 

sodicity of water were appropriate for crop irrigation however kelly index of 78.47% 

of samples was greater than 1. 
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Rao & Latha, (2019) studied chemistry of subsurface water in tribal region of 

Gosthani river basin, in Andhra Pradesh. Hydrochemistry of this region was mainly 

controlled by geology of area. To understand the drinking and irrigational quality of 

groundwater, various quality parameters were computed. Results showed lesser 

concentration of major ions in groundwater. However iron content was found high 

due to water-rock interchange. Due to insufficient amount of necessary minerals in 

water, residents of area suffered from various health problems. 

 

Upadhyay et al., (2019) investigated the problem of arsenic contamination in remote 

areas of West Bengal. To identify the source of arsenic toxicity in human beings, they 

collected soil samples, groundwater samples and rice samples from two villages- 

Sarapur & Chinili. Results of arsenic analysis showed that arsenic concentration in 

groundwater exceeded drinking standards of BIS and WHO. The level of soil arsenic 

was also above from European Union maximum acceptable limit in agricultural soil 

(20 mg/Kg). Analysed arsenic level in rice grains was beyond the safe level given 

by FAO/WHO (0.2 mg/Kg). They concluded that children and toddlers were at high 

risks of arsenic exposure in study area. 

 
2.4 REVIEW OF UTTAR PRADESH STATUS OF GROUNDWATER 

QUALITY 

Groundwater quality of three villages (Lutfullapur, Nawada and  Loni) of district 
 

Ghaziabad was analysed by Singh et al., (2012). Industrial effluents of dyeing 

industries were allowed to flow through a drain in Khekra area of Baghpat. A 

degradation in quality of groundwater due to drain was observed. They also analysed 

appropriateness of groundwater for drinking and irrigation. At most of the sampling 

sites, EC, TA, Cl, Ca, Na, K and Fe content of groundwater were above the prescribed 

limit of BIS. Piper trilinear diagram showed dominant hydrochemical facies was Na- 

K-Cl-SO4, Na-K-HCO3 and Ca-Mg-Cl-SO4. Agricultural suitability of groundwater 

was assessed on the basis of salinity, chlorinity and sodicity. Results indicate that 

groundwater was suitable for irrigation. Industrial suitability of groundwater was 

analysed by Langelier Saturation Index and Ryznar Stability Index. Results of both 

the index value showed that most of samples were CaCO3 depositing in nature. 

 

Bisht et al., (2013) studied the quality of drinking water from four different locations 
 

(Lohia  Nagar,  Sec.  16,  Jatwara  &  Sahibabad)  in  Ghaziabad.  Analytical  results 
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revealed that fluoride concentration of all the samples was higher (1.66 to 4.68 mg/L) 

than  standard  limit  of  BIS.  Jatwara  sample  showed  high  nitrate  concentration 

(187.583 mg/L). Aluminium and Iron concentration of Sahibabad sample were higher, 

228.88 ppb & 4598.76 ppb respectively. Rest of the quality parameters were well 

below the safe limit. They concluded that the water from the study area can be used 

for drinking after removal of excess of fluoride, nitrate, aluminium & iron. 

 

Singh et al., (2014) examined the quality of groundwater in Ghaziabad (indo-gangetic 

plain) for drinking and irrigation purpose. They analysed various quality parameters 

and  heavy  metals  in  samples  collected  in  both  pre-monsoon  and  post-monsoon 

season. Results of study revealed that chemical composition of groundwater was 

affected  by  the  waste  water  of  agricultural,  industrial,  and  domestic  areas.  Iron 

content of 41% and 70% of samples (pre and post-monsoon season respectively) was 

higher than the desirable limit of BIS. Chromium, copper, and lead content were also 

higher than their respective drinking desirable limits of BIS. It was recommended by 

the author that groundwater of Ghaziabad was appropriate for irrigation but not fit for 

human consumption. 

 

Similar  type  of  groundwater  analysis  was  done  by  Tiwari  &  Singh,  (2014)  in 
 

Pratapgarh District. 
 

 

Singh & Tripathi, (2016) carried out their study in Noida region in NCR of Delhi. 

They used factor  analysis to explain the processes which affect the groundwater 

quality of  that  area.  Thirty-three  samples  of  groundwater  were  collected  and  18 

hydro-chemical   parameters   were  examined.   The  three  factor  model   (salinity, 

alkalinity and pollution) explained 79.30% of total variance. Factor 1 (47.25% of the 

total variance) showed strong positive loadings with Mg, Na, Cl, SO4, EC, TDS and 

TH. Factor 2 (16.75 % of the total variance) explained moderate positive loadings 

with K, Ca, HCO3, and CIA. While factor 3 (15.30 % of the total variance) showed 

strong positive loadings with Na% and SAR. Multivariate analysis revealed that the 

over-pumping and pollution caused negative effects on water quality. They also 

recommended rainwater harvesting and groundwater recharging techniques to save 

ground aquifers. 

 

Kumar et al., (2016) studied impacts on environment due to disposal of livestock and 

domestic wastes in wetland in Lucknow, India. An extensive study was done in three 
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season (summer, monsoon & winter) of year 2014. The results of study revealed that 

concentration of PO4, SO4, alkalinity, Cl, pH and TH were higher in summer season. 

However nitrate concentration in groundwater was higher in monsoon season (17.12 

mg/L). All the analysed metals (except copper) were obtained in higher concentration 

in winter season. 

 

Singh & Hussain, (2016) used water quality index method to assess the drinking 

quality of groundwater of Greater Noida city. A total of 47 samples of groundwater 

were tested for eleven parameters (pH, Ca, Mg, TDS, chloride, nitrate, sulphate, 

fluoride, bicarbonate, Na and K). The results were used to calculate the WQI. On the 

basis of WQI value, nearly 96% of water samples showed good water quality (WQI; 

53.69 TO 267.85) except samples collected from CHI-3 & Radisson hotel. The 

groundwater samples of these two locations showed high value of EC, TDS, Na, Mg 

and Cl. The results indicated groundwater of Echar village was best for drinking 

purpose. 

 

Chabukdhara et al., (2017) studied the groundwater quality of urban and peri- urban 

region of Ghaziabad district in Uttar Pradesh, India. They analysed all the physico- 

chemical parameters and heavy metals. The source of heavy metal in groundwater of 

district  and  the  pollution  level  of  metals  were  also  analysed  using  multivariate 

analysis. 

 

Saleem et al., (2017) studied the current threats related to groundwater quantity and 

quality in Greater Noida city of Uttar Pradesh. The major issues were excess 

groundwater extraction and reclamation activities.  Aim of study was to develop a 

numerical model for groundwater flow and contaminant transport through visual 

modflow and effective groundwater management. The model was helpful to 

understand the behaviour of groundwater system, environmental challenges and to 

install suitable measures to check further contamination of ground aquifer. From the 

results obtained from analysis of groundwater flow modelling, it was concluded that 

model was most sensitive to hydraulic conductivity and recharge parameters. 

 

Kumar  et  al.,  (2017)  assessed  health  risks  among  the  residents  of  Chhaprola 

Industrial  Area  of  district  Gautam  Buddha  Nagar  of  Uttar  Pradesh,  due  to 

consumption of metal contaminated water. They also investigated spatial variation in 

ion concentration and metal concentration of groundwater in study area. Analytical 
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results revealed that out of 28 analysed elements, concentration of some toxic metals - 

Al, As, B, Cd, Cr, Mn, Pb and U were more than their corresponding BIS & WHO 

standards. Hazard quotient for these elements was more than 1. Rest of the analysed 

elements were well below the standard value. They also analysed level of γ and β 

radiation and found it below the standard limit. 

 

Idrees et al., (2018) studied the cadmium level of groundwater and its toxic effects in 

four district of west Uttar Pradesh. Cadmium is a toxic heavy metal used in Ni-Cd 

batteries. It can also enters the environment through the discoloration of various 

plastics  and  electronic  products.  Cadmium  concentration  in  groundwater  of  four 

district was as - (Shahjehanpur (0.06 ± 0.01 mg/L), Bareilly (0.07 ± 0.01 mg/L), 

Moradabad (0.06 ± 0.01 mg/L) and Rampur (0.05 ± 0.01mg/L). 

 
Kumar et al., (2019) tested trace metal contamination in groundwater of Saharanpur 

district.  They  also  studied  groundwater  contamination  level  using  contamination 

index and heavy metal pollution index. The concentration of As, B and Pb were found 

beyond the standard drinking water limits of WHO and BIS. Results of factor analysis 

(PCA and CA) showed that iron, manganese and lead concentration were linked with 

principal component analysis 1 and had both geogenic and anthropogenic sources. 

Boron and copper (PC2) were having anthropogenic source while arsenic (PC3) had 

natural origin. According to HPI values, groundwater was metal contaminated and 

can cause adverse health effects among the local residents of the area. 

 
 
 
 

From  the  citation  of  literature  as  above  it  is  evident  that  a  lot  of 

worldwide work on groundwater quality is available. Various attempts have been 

made by different scientists to investigate the suitability of groundwater for 

drinking and irrigation purposes. They also studied the source of contamination 

of groundwater. Many indexing methods and statistical approach have been 

adopted by researchers. However only a meager work is conducted in current 

study area on the impacts of effluents on groundwater chemistry. Therefore the 

present investigation was carried out. 
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3.1 INTRODUCTION 

 

Gautam Budh Nagar (GBN) district is a part of Uttar Pradesh in northern India. The 

district Gautam Buddh Nagar was established on 6
th

 May 1997 with effect from 

government order number 1249/97/82/97 by combining the Dadri & Bisrakh block 

(parental district Ghaziabad), Dankaur & Jewer block (parental district Bulandshahar) 

and 18 villages of Bulandshahar. GBN comes under the National Capital Region of 

India. Administrative headquarters of district are situated in Greater Noida. GBN is 

administratively divided into three tehsils namely Dadri, Gautam Budh Nagar and 

Jewar. For development purposes, the district is divided into four blocks – Bisrakh 

block, Dadri block, Dankaur block and Jewar block. The total number of villages in 

district GBN is 320. The district shares its boundary with Ghaziabad in north, Delhi in 

north-west, Faridabad in west and Bulandshahr in east. River Yamuna flows along the 

west part of district. The district is vertically stretched from north to south rather than 

east to west. 

Gautam Budh Nagar district is a part of Ganga-Yamuna alluvial plain, adjacent to 

river Yamuna. According to Census (2011), total area of the district GBN is 1282 

Km
2
 with a population of 1,648,115. Population density of the district (1286 

persons/Km
2
) is comparatively more than the mean state population of 829 

persons/Km
2
. The rural population density of district is 616 persons/Km

2 
and urban 

population density is 5,177 persons/Km
2
. The sex ratio of females over 1000 males, of 

the district, is 851 which is less than the mean value of state (912). GBN district 

comes under Meerut division of Uttar Pradesh. The district is a part of Legislative 

Assembly seat Dadri and Parliamentary seat of Khurja. Location map of district 

Gautam Budh Nagar is presented in Fig. 3.1. 

Eleven villages of district - Duryai, Talabpur, Khera Dharampura, Bishnuli, Achheja, 

Dujana, Badalpur, Sadopur, Dairy Maccha, Dhoom Manikpur and Badhpura, were 

taken under current study. These villages are situated in Bisrakh block (Duryai, 

Talabpur, Khera Dharampura, Bishnuli, Achheja and Dujana) and Dadri block 

(Badalpur, Sadopur, Dairy Maccha, Dhoom Manikpur and Badhpura) of the district 

on the both side of national highway 34. The location of study area is 28
o
56’19.28’’N
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Fig. 3.1 Location Map of District Gautam Budh Nagar (Source : Census 2011) 
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to 28
o
63’02.50’’N latitude and 77

o
47’40.78’’E to 77

o
54’52.36’’E longitude. 

Groundwater of twenty-two water quality stations (S1-S22) of these villages was 

analysed to explore the quality of subsurface water. To assess the impact of waste 

water originated from different localities, thirteen waste water samples (L1-L13) were 

also collected from study area. On the basis of land use pattern, area is divided into 

three zones- Agricultural zone (Duryai, Talabpur), Industrial Zone (Khera 

Dharampura, Bishnuli, Achheja, Dujana, Badalpur) and Residential Zone (Sadopur, 

Dairy Maccha, Dhoom Manikpur, Badhpura) (Fig. 3.2). 

 

 

Fig. 3.2 Sampling Locations of Groundwater and Waste water samples 

3.2 HISTORY 

The splendorous history of the district extends upto TretaYug (Ramayana Kaal). 

Bisrakh block of the district is the birthplace of Viseswa Rishi (Ravana’s father). In 

Dwapar Yug (Mahabharat Kaal) Kauravas and Pandavas took training of weapons in 

Dronacharya’s ashram which was situated in Dankaur. The place was also a home to 

Eklavaya-the disciple of Dronacharya.  

Several national freedom fighter (Sh. Gopi Chand, Sh. Ram Nath, Sh. Harsharan 

Singh etc.) were also associated from this place. Shaheed Bhagat Singh, Sukh Dev 

and Rajguru hid in a village Nalgara of GBN.  
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3.3 PHYSIOGRAPHY  

   

On the basis of natural conditions of geology, soil, climate, topography and vegetation 

the district is divided into three regions- Yamuna khadar, Dadri plain and Jahangirpur 

plain. 

3.3.1 Yamuna Khadar  

Yamuna Khadar region lies in the western part of the district along with the river 

Yamuna. Major tropical features of the region are small depressions, dead arms of the 

river and meanders. These depressions have various shapes/sizes and found on the left 

course of Hindon river. Northern region of the plain has risk of flood as in this area 

Hindon joins Yamuna river. It is very low-lying area with fertile soil. The slope of the 

land is very gentle and runs from north to south.  

3.3.2 Dadri Plain   

North-east part of the district is known by the name- Dadri plain. This plain is slightly 

lower in the central part than its eastern and western sides but the general slope is 

towards south. This tract is one of the best agricultural belts of the state. This region 

belongs to Alluvium and Dun gravels of recent origin.  

3.3.3 Jahangirpur Plain  

This region covers the eastern and south-central part of the district covering Kakod 

and Jahangirpur development blocks. It is perfectly a gentle plain with north to south 

slope. Other physiographic phenomenons are negligible. Entire region is associated 

with Alluvium and Dun gravels (recent origin). Transport system in this region is well 

developed. 

3.4 DRAINAGE  

 

Two principal rivers that flows along the district are Hindon & Yamuna. These rivers 

are monsoon fed and flow through the vast tract of the land. The entire district is 

alluvial region with a general slope of gradient of 0.2 m/km from north-west to south-

east direction. River Ganga enters in the district from the north-west boundary 

whereas river Hindon from middle of north and joins Yamuna within seven kilometer 

near Dankaur. Except for occurrence of some depressions, the entire plain is marked 

by large fertile tract. Yamuna is a perennial river. Natural lakes are not found in the 

district. Seasonal ponds emerge during rainy season and shrink dry during summer.   
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3.5 Climate and Rain Fall 

 

Climate plays a major role in the geomorphology and soil of that area. Natural 

vegetation of any area depends upon the climate of that area. Land use pattern of any 

area is governed by interaction between climate, relief and soils (Vink, 1975). 

Specifically agricultural development in area (land for agricultural suitability, type of 

crop and soil productivity) depends upon climate and precipitation. Climate can affect 

the choice of a crop through many factors such as rainfall pattern, availability of 

irrigation water, growth duration and pattern of frost (Sherlow, 1971). Temperature 

majorly determines the growing pattern of crop, intensity of crop, effectiveness of 

photosynthesis, grain yield of crop and overall productivity. Rainfall is the primary 

environmental factor which affect growth and yield of crop. 

Gautam Budh Nagar district comes under the temperate zone of earth near to tropic of 

cancer. The entire district experiences sub-tropical climate with extreme temperature. 

The district has healthy climatic conditions. Being nearer to Delhi, the temperature is 

akin to that of Delhi. Summers are very warm and dry in hot months of May & June 

(with maximum temperature ranges from maximum of 48
0
C to minimum of 28

0
C) but 

July & August are hot and humid with a maximum temperature of 48
0
C. Monsoon 

season is from month of June to September with a mean rainfall of 395.3 mm. 

Maximum rainfall occurs in the month of August (upto 205.8 mm). Humidity 

decreases after the withdrawal of southwest monsoon season. Winter season is from 

November to February with a minimum temperature of 3
0
C to 4

0
C. The climate 

conditions remain very good in the month of February, March, October & November 

in the district. District rainfall (in millimeters) of last five years is given in Table - 3.1. 

Table - 3.1 Rainfall (in millimeters) of five years (2014-2018) of district Gautam Budh Nagar  

Year Jan. Feb. March April May June July August Sep. Oct. Nov. Dec. 

2014 32 16.5 41.5 8 48 15 27.5 27 67 9 0 9 

2015 50 0 77 55 4 59 144 201 0 0 0 0 

2016 0 0 0 0 4 4 72 87 150 13 0 0 

2017 4 0 7 0 3 69 28 42 151.1 0 0 1 

2018 5 0 0 1 0 55 248 46 405 0 0 0 

Source : India Meteorological Department (New Delhi) 
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3.6 SOILS 

Geologically the district has three regions- Yamuna khadar, Dadri plain and 

Jahangirpur plain. The west part of the district has Yamuna khadar area. This part also 

has sand dunes, sandy ridges and depressions. Many ravenous tracts are also 

developed near river Yamuna due to soil erosion. The soil type of the district is the 

combination of sand and clay. Major portion of the district has clay loam soil (52%), 

nearly 24% part has loamy soil and 18% part has sandy loam soil (Fig. 3.3; 

Agriculture Contingency Plan for District: Gautam Budh Nagar). Highly fertile domat 

soil is found in the west part of the district with patches of barren land. Due to fertile 

soil, availability of human resources and various sources for irrigation, the major part 

of land (67.93%) is used for agricultural practices (Joshi, 2009). Industrial 

development has been occurred in recent years but still agriculture is primary source 

of income for most of the residents of the district. Land use pattern of district Gautam 

Budh Nagar is given in Table - 3.2 

Legend 

Alluvial plain (0-1% slope) 

1. Deep, loamy soils . 

2. Deep, loamy soils and slightly 

eroded associated with silty soils. 

3. Deep, fine soils moderately 

saline and sodic associated with 

loamy soils, slightly eroded. 

4. Deep, silty soils and slightly 

eroded associated with loamy 

soils slightly saline and slightly 

sodic. 

Old alluvial plain with river left out 

channels /Oxbows/point bars (1-3% slope) 

5. Deep, loamy soils and slightly 

eroded associated with stratified 

loamy soils slightly eroded. 

Recent alluvial plain (1-3% slope) 

6. Deep, loamy soils slight salinity 

and sodicity associated with 

loamy soils are slightly eroded.  

Source : Agriculture Contingency Plan for District: Gautam Budh Nagar 

Fig. 3.3  Soil map of District Gautam Budh Nagar 
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Table - 3.2 Land-use Pattern of District Gautam Budh Nagar 

Land-Use pattern of District Area ( in hectares) 

Geographical area 125.4 

Cultivable area 82.1 

Forest area 2 

Land under non-agricultural use 24 

Permanent pastures 0.5 

Cultivabale wasteland 2.5 

Land under Miscellaneous tree crops and groves 0.4 

Barren and Uncultivable land 3.4 

Current fallows 2.4 

Other fallows 7.8 

Source : Agriculture Contingency Plan for District: Gautam Budh Nagar 

3.7 GROUNDWATER STATUS 

3.7.1 Water Bearing Formation 

The rocks underlying the sedimentary sequence is explored upto the level of 352 m in 

the district (District Survey Report of Minor Minerals, 2017). A good ground aquifer 

system is formed due to alluvial deposits of Ganga and Yamuna. This underground 

aquifer is granulated (fine to coarse sand). The role of thick clay bed interposed with 

sand is to act as confining layer and the aquifers are separated by them. As we move 

towards east there is an increase in the thickness of unconsolidated sediments.  

3.7.2 Occurrence of Ground Water  

Upto the depth of 100 mbgl (meters below ground level), ground water is found in 

phreatic conditions and in subsequent aquifers, it is present in confined to semi-

confined conditions. 

3.7.3 Depth to Water Level 

On the basis of water level data monitored in pre-monsoon and post-monsoon season, 

district can be divided into different zones. The range of water level in phreatic 

aquifer is from a minimum of 3.35 to a maximum of 14.40 mbgl during pre-monsoon 

period. This range falls down to 2.00 - 13.95 mbgl during post monsoon period. At 

most of the non- command areas water level is greater than 9 mbgl. Few deeper water 

levels (> 9 mbgl) are found in east of Jhajhar (Dankaur Block), Dadri area and along 

Yamuna river. This signifies the deepening of water levels toward river. Saleem et al., 

(2017) analysed 27 active piezometric wells in Greater Noida region and found the 
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least water level at Rampur Mazra (2.10 m) & the highest degree of water level at 

Tachzone-4 (10.8 m). 

3.7.4 Seasonal Water Level Fluctuation 

After analyzing the data obtained from the groundwater monitoring wells, it is 

concluded that seasonal fluctuation occurred in ground water level. The amount of 

rainfall and geographical conditions of the area is responsible for the variation in 

water level. The inflow along with the outflow of ground water is controlled by many 

factors including natural flow of rivers, loss through evaporation, leakage from canal 

etc. A rise in water level (from 0.12 to 3.69 mbgl) is recorded from majority of the 

wells during post-monsoon season which indicate the recharging of ground aquifers. 

However in some wells lowering of water level (from 2.76 to 0.09 mbgl) has been 

reported after precipitation. From the data obtained from national hyrdograph stations, 

from 1977 to 2006, a decline in water level in post-monsoon season has been reported 

in Jewar, Dankaur and Dadri tehsil which indicates stress on ground resources 

(Central Ground Water Board, Annual Report, 2008-2009). These areas are semi-

urban areas and people are largely dependent upon groundwater resources for their 

daily requirements and irrigational water. 

3.7.5 Groundwater Resources 

The scenario of ground water resources assessed by using GEC (Groundwater 

Resources Estimation Methodology, 1997) formulated by Central Ground Water 

Board and State Ground Water Department on 31
st 

March 2004 is given in Table – 3.3 

(Dynamic Groundwater Resources of India, as on March 2004). 

Table - 3.3 Blockwise Report of Ground Water Resources 
 

S 

No. 
Blocks 

Annual 

Groundwater 

recharge (in 

ham) 

Net Annual 

Groundwater 

availability 

(in ham) 

Existing Gross 

Groundwater 

draft for all 

uses (in ham) 

Net 

Groundwater 

availability 

for future 

irrigation (in 

ham) 

Stage of 

Groundwater 

development 

(in %) 

Category 

of Block 

1 Bisrakh 9528.38 9051.96 6756.76 2079.39 74.64 Safe 

2 Dadri 20355.50 19337.73 5024.83 14155.37 25.98 Safe 

3 Dankaur 17673.36 16789.69 9762.34 6933.23 58.14 Safe 

4 Jewar 15509.17 14733.71 9248.54 5424.44 62.77 Safe 

 Total 63066.42 59913.10 30792.48 28592.44 51.40  

Source : District brochure of Gautam Budh Nagar, Uttar Pradesh, 2009 

*ham: Hectare meter 
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4.1 INTRODUCTION 

 

Agriculture remained the main occupation of people of district GBN but in last 

decade several industries are established here. These industries need a plenty of water. 

Extraction of groundwater is increasing to fulfill industrial demand of fresh water. 

Due to change in land use pattern, a lot of waste water is originated from the 

industrial activities. According to census, (2011) total population of GBN has been 

increased by 5,48,115 from 2001 to 2011. The amount of domestic waste water is also 

increased due to such increase in population. High rate of extraction of groundwater 

and generation of huge amount of waste water, negatively affects the water quality.     

4.2 METHODOLOGY 

 

Methods used for current study are summarized under following headings- 

4.2.1 Field study and preliminary survey 

4.2.2 Systematic collection of Groundwater and Waste water Samples 

4.2.3 Testing of physico-chemical parameters and heavy metals using methods of                        

APHA 22
nd

 edition (2012) 

4.2.4 Water quality suitability for drinking 

4.2.5 Water quality suitability for irrigation 

4.2.6 Impact of waste water on groundwater quality 

4.2.7 Water quality index 

4.2.8 Geographical information system (GIS) map for groundwater quality 

4.2.9 Defluoridation of aqueous solution using marble slurry 

Flow diagram of methodology used is given in Fig. 4.1. 
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4.2.1 Field Study and Preliminary Survey of Area 

 

Study area was surveyed to identify the location for groundwater and waste water 

sampling. Local inhabitants were interviewed to understand the issues related to 

groundwater quality. On the basis of preliminary survey of study area, twenty two 

sites were identified for groundwater sampling and thirteen sites for waste water 

sampling. A questionnaire was prepared, which was given to residents of selected 

sites. The residents were asked about water quality and problem related to that. Health 

related problems of residents were also asked using simple terms to get reliable 

information. Inhabitants were also asked about their economic status to find 

relationship between health problems and economy. A total of 32 questionnaire 

reports were selected for further study. A pro forma of questionnaire is shown in Fig. 

4.2. 

 

 

 

 

Fig. 4.1 Flow Chart of used Methodology  
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Fig. 4.2 Pro Forma of questionnaire used in Survey 

 

4.2.2 Systematic Collection of Groundwater and Waste Water Samples 

Samples of groundwater and waste water were collected in new pre-washed 1000 ml 

high-density polypropylene (HDP) sampling bottles. Prior to sampling, containers 

were soaked in 10% HNO3 for one day and thereafter carefully rinsed with double 
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distilled water. After washing, sample containers were dried at 50
0
C for 6 hrs. 

Groundwater samples were taken from various hand-pumps and tube-wells. Waste 

water samples were collected from drains coming from agricultural, industrial and 

residential areas. Sampling was done in pre-monsoon season (in the month of June) 

and post-monsoon season (in the month of October) of consecutive three years - 2016, 

2017, 2018. Sample code and geographical coordinates of sampling sites are 

presented in Table – 4.1 & 4.2. Sampling locations of groundwater and waste water 

samples are given in Fig. 3.2. 

For trace metal analysis representative samples of groundwater and waste 

water were collected in duplicate in pre-washed polypropylene bottles as stated for the 

sample collection for physico-chemical analysis. 5 ml of concentrated HNO3 was 

added to 1 litre sample immediately after collection. Acidified sample was pre-

concentrated by evaporation over steam bath. One litre of the acidified sample was 

reduced to 25 ml volume and kept for Atomic Absorption Spectrophotometer (AAS) 

analysis.  

For ions and metal analysis, chemicals of analytical reagent (AR) grade were used. 

Standard solutions of metal ions were purchased from Merck, Germany. Standards 

and buffers for ion-selective electrodes were purchased from Thermo Scientific 

Company. Double distilled water was used in chemical analysis. All glass-wares were 

made up of borosil and thoroughly cleaned by lavoline detergent. They were kept 

immersed in 10% HNO3 for 2 days and then washed with double distilled water 

several times. 
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Table – 4.1 Geographical Coordinates of Groundwater Sampling Locations 

Groundwater 

Sample code 

Sampling 

Locations/Water 

Quality Stations 

Zone 
Geographical Coordinates 

Latitude Longitude 

S1 Duryai 

Agricultural 

Zone 

28.630250
0
N 77.501759

0
E 

S2 Duryai 

28.629868
0
N 77.502253

0
E 

S3 Duryai 

28.627330
0
N 77.501697

0
E 

S4 Talabpur 

28.619033
0
N 77.494481

0
E 

S5 Bisrakh Road 

Industrial 

Zone 

28.621712
0
N 77.481314

0
E 

S6 Bisrakh Road 

28.617732
0
N 77.474078

0
E 

S7 Bisrakh Road 

28.620726
0
N 77.477270

0
E 

S8 Bisrakh Road 

28.622160
0
N 77.478065

0
E 

S9 Bisrakh Road 

28.621566
0
N 77.481863

0
E 

S10 Khera Dharampura 

28.614651
0
N 77.490040

0
E 

S11 Bishnuli 

28.612011
0
N 77.493143

0
E 

S12 Achheja 

28.598881
0
N 77.501944

0
E 

S13 Achheja 

28.600464
0
N 77.505047

0
E 

S14 Dujana 

28.602260
0
N 77.504826

0
E 

S15 Dujana 

28.606913
0
N 77.507652

0
E 

S16 Dujana 

28.615876
0
N 77.511130

0
E 

S17 Dujana 

28.613977
0
N 77.512070

0
E 

S18 Badalpur 

28.597320
0
N 77.508607

0
E 

S19 Sadopur 

Residential 

Zone 

28.585927
0
N 77.512238

0
E 

S20 Dairy Maccha 

28.583721
0
N 77.522888

0
E 

S21 Dhoom Manikpur 

28.566837
0
N 77.539232

0
E 

S22 Badhpura 

28.561928
0
N 77.545236

0
E 
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4.2.3 Testing of Physico-Chemical Parameters and Heavy Metals  

Physico-chemical parameters and trace metals were quantitatively analysed in all the 

collected groundwater and waste water samples. Standard methods of American 

Public Health Association (APHA) 22
nd 

edition, 2012 were used for analysis. 

Analytical procedures for various parameters are given in Table - 4.3. 

Table – 4.3 Analytical Procedure for Different Parameters 

S. 

No. 

WQ 

Parameter 
Method Description of Method 

1 pH APHA 22nd 

Ed.2012-

4500H+B  

(Electrometric 

Method) 

The pH of the samples is measured by pH meter with combined glass 

electrode. The measurements are done by calibrating the pH meter with 

buffers of pH=7.0, pH=10.0 and pH = 4.0 at room temperature.  

2 Electrical 

Conductivity 

APHA 22nd 

Ed.2012 -2510 B 

(Laboratory 

Method) 

Electrical conductivity is measured in µmhos/cm unit in the laboratory 

by conductivity meter Orion-013005MD Dura Probe 4. Before 

measurement, instrument was properly calibrated by potassium chloride 

solution (0.01 M).   

3 Total 

Dissolved 

Solids 

APHA 22nd 

Ed.2012 -2540 C 

(Total Dissolved 

Solids dried at 

1800C) 

The water sample after filtration is evaporated in a porcelain dish to 

dryness using an air circulated oven at around 1050C. Then it is cooled 

in a dessicator and weighed. It is expressed in mg/L. The weighing 

should be done very quickly because atmospheric moisture can change 

the weight of the porcelain dish. 

4 Turbidity APHA 22nd 

Edn.2012 –2130 B 

Turbidity is measured in NTU. Calibration of nephlometer is done 

using standard turbidity suspension of 40 NTU turbidity. Stock 

 

Table – 4.2 Geographical Coordinates of Waste water Sampling Locations 

 

Waste Water 

Sample code 

Sampling 

Locations 
Zone 

Geographical Coordinates 

Latitude Longitude 

L1 Talabpur 
Agricultural 

Zone 
28.615444

0
N 77.489863

0
E 

L2 Bisrakh Road 

Industrial 

Zone 

28.621712
0
N 77.481314

0
E 

L3 Bisrakh Road 28.617732
0
N 77.474078

0
E 

L4 Bisrakh Road 28.616432
0
N 77.472733

0
E 

L5 Bisrakh Road 28.620726
0
N 77.477270

0
E 

L6 Bisrakh Road 28.622160
0
N 77.478065

0
E 

L7 
Khera 

Dharampura 
28.610187

0
N 77.494824

0
E 

L8 Bishnuli 28.608787
0
N 77.496408

0
E 

L9 Achheja 28.600464
0
N 77.505047

0
E 

L10 Dairy Maccha 

Residential 

Zone 

28.583721
0
N 77.522888

0
E 

L11 
Dhoom 

Manikpur 
28.563341

0
N 77.543545

0
E 

L12 
Dhoom 

Manikpur 
28.566837

0
N 77.539232

0
E 

L13 Badhpura 28.561928
0
N 77.545236

0
E 
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Table – 4.3 Analytical Procedure for Different Parameters 

S. 

No. 

WQ 

Parameter 
Method Description of Method 

(Nephelometric 

Method ) 

turbidity suspension is prepared by mixing 5 ml of solution I (hydrazine 

sulphate; (NH2)2.H2SO4) and 5 ml of solution II 

(hexomethylenetetramine; (CH2)6N4) in a 100 ml volumetric flask. 

5 Total 

Hardness as 

CaCO3  

APHA 22nd 

Ed.2012 -2340 C    

(EDTA Titrimetric 

Method) 

Total hardness is analysed by (Ethylenediaminetetraacetic acid) EDTA 

complexometric titration. Titrant used – chelating agent EDTA, 

Indicator used - Erichrome Black T. End point- change of colour from 

wine red to steel blue. 

6 Calcium as 

Ca+2 

APHA 22nd 

Ed.2012 -3500 Ca-

B  

(EDTA Titrimetric 

Method) 

Calcium is also analysed by EDTA complexometric titration method. 

To avoid interference of magnesium, pH of the analysed sample was 

kept high (12-13). At this pH magnesium was precipitated as hydroxide 

and did not react with EDTA. Indicator used - Murexide.  

7 Magnesium 

as Mg+2 

APHA 22nd 

Ed.2012 -3500 

Mg-B  

(Calculation  

Method) 

Magnesium content is analysed by subtracting Ca from Ca + Mg. 

8 Sodium as 

Na+  

APHA 22nd 

Edn.2012 -3500 

Na-B                   

 (Flame Emission 

Photometric 

Method) 

Sodium is measured with flame photometer (Systronics -128). 

Calibration of instrument is done with standards solution of sodium of 

concentration 50, 40, 30, 20, 10 mg/L. The instrument gives directly the 

values of sodium in mg/L. 

9 Potassium as 

K+ 

APHA 22nd 

Edn.2012 -3500 

K-D                   

( Flame Emission 

Photometric 

Method) 

Potassium is measured with flame photometer (Systronics -128). 

Calibration of instrument is done with standard solution of potassium of 

concentration 2.5, 5, 7.5, 10, 15 mg/L. The instrument gives directly the 

values of potassium in mg/L. 

10 Total 

Alkalinity as 

CaCO3  

APHA 22nd 

Ed.2012 -2320 B 

(Titration  

Method) 

25 ml of the water sample is titrated against 0.02N sulfuric acid 

solution. Indicator used - phenolphthalein (for carbonate alkalinity) and 

methyl orange (for bicarbonate alkalinity). Total alkalinity is expressed 

in mg/L as CaCO3 equivalent. 

11 Chloride as 

Cl-   

APHA 22nd 

Ed.2012 -4500 Cl 
– B 

(Argentometric 

Method) 

It is measured by argentometric method. If the sample is turbid, it is 

mixed with aluminium hydroxide Al(OH)3 suspension, settled and 

filtered to remove interference and then titrated against standard 

AgNO3 with K2CrO4 as indicator. The mixing during the titration is 

done with a magnetic stirrer and the end point is marked by a pinkish 

yellow coloration. 0.0141M standard silver nitrate solution is used 

which is standardized by using sodium chloride solution of same 

concentration. 

12 Sulphate APHA 22nd 

Ed.2012 -4500 

SO4
-2 E  

(Turbidimetric 

Method) 

Sulphate Ion is measured by turbidimetric method by using 

spectrophotometer. Quantitatively sulphate ions are measured from the 

absorbance of the light by barium sulphate (precipitated by adding 

barium chloride in acetic acid medium buffer) and then comparing it 

with a standard curve.   

13 Fluoride APHA 22nd 

Ed.2012 -4500 F- 

C (ISE method) 

Solid state combination electrode (9609 BNWP) is used for the analysis 

of fluoride as recommended by APHA.  

14 Ammonium 

nitrogen  

APHA 22nd 

Ed.2012 -4500 

NH3-D  

Ammonium nitrogen of water samples is analysed by ion selective 

electrode method as recommended by APHA. 
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Table – 4.3 Analytical Procedure for Different Parameters 

S. 

No. 

WQ 

Parameter 
Method Description of Method 

(Ammonia ISE 

method) 

15 Nitrite APHA 22nd 

Ed.2012 -4500 

NO2
-B  

(Colorimetric 

Method) 

Nitrite ion is measured through diazonium coupling reaction. A reddish 

purple azo dye is produced at pH 2.0 - 2.5 by compiling diazotized 

sulphanilic acid with N-(1-Naphthy) ethylenediamine dihydrochloride 

(NED - dihydrochloride).  

16 Nitrate as 

NO3  as N  

APHA 22nd 

Ed.2012 -4500, 

NO3   
- D 

 (Nitrate Electrode 

Method) 

Nitrate nitrogen in mg/L is directly measured by ion selective meter 

using nitrate ion-selective electrode.  

 

17 Phosphate APHA 22nd 

Ed.2012 -4500 P-E  

(Ascorbic Acid 

Method) 

The phosphate concentration is measured by ascorbic method after 

sulphuric acid-nitric acid digestion. 25 ml of the sample is digested 

with concentrated H2SO4 (1ml) and concentrated HNO3 (5ml) cooled 

and neutralized with NaOH using phenolphthalein indicator. 

Absorbance is measured at 880 nm after 10 to 20 minutes of the 

addition of 8 ml combined reagent (50ml 5N H2SO4 + 5 ml antimony 

potassium tartrate solution + 15 ml ammonium molybdate solution + 30 

ml ascorbic acid solution).  

18 Boron APHA 22nd 

Ed.2012 -4500B/B 

(Curcumin 

Method) 

Sample is acidified with HCl and evaporated with curcumin solution (a 

dye extract form turmeric), in the presence of oxalic acid to provide 

reducing condition when a red coloured complex rosocyanine is 

formed. The colour product is dissolved in ethyl alcohol/isopropyl 

alcohol and absorption is measured at 540 nm wavelengths in 

spectrophotometer.  

 

Atomic Absorption Spectrophotometer (AAS) technique was used for heavy metal 

analysis to determine metal concentration upto ppb (parts per billion) level. Agilent 

240 FS atomic absorption spectrophotometer was calibrated with standard solutions of 

that metal (of known concentration), to obtain standard curve. This standard curve 

was used for quantitative analysis of metals according to Beer’s law. Air - Acetylene 

gas was used for metal analysis. Standard solution was also tested periodically with 

water samples. The metal contents of collected samples were examined according to 

standard procedure of APHA, 2012. Instrument consists of three main unit- Flame 

atomizer, VGA (Vapour Generation Assembly; used for the analysis at ppm level) 

and GTA (Graphite tube Atomizer; detects metal ions at ppb level). Atomic 

absorption hollow cathode lamps are filled with neon gas except Cs, Lu and 

Al/Ca/Mg lamps, which are filled with argon. The wave length, current, and slit width 

used for each metal are given in Table - 4.4.  
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4.2.4 Water Quality Suitability for Drinking 

Quality of water is a matter of great importance when it is directly consumed by 

human beings. Most of the countries put forward a criteria for safe drinking water. In 

India, Bureau of Indian Standards (BIS) has articulated various standard parameters 

for drinking water. Internationally, drinking water standard, given by World Health 

Organization (WHO), has been accepted widely. Specific drinking water standards 

given by BIS and WHO are given in Table – 4.5. Drinking quality of groundwater 

samples were also assessed through water quality index. 

 

 

 

 

 

 

Table – 4.4 Operating Conditions for Metal Analysis by Atomic Absorption 

Spectrophotometer 

S. 

No. 
Metals 

Wave 

length 

(nm) 

Current (mA) Slit 

width 

(nm) 

Window 

Material 

Methods 

used for 

Analysis Recommended Maximum 

1 Arsenic 193.7 10 12 0.5 Fused Silica 
AAS with 

VGA 

2 Cadmium 228.8 4 10 0.5 Fused Silica 

AAS with 

GTA 

3 Chromium 357.9 7 15 0.2 Pyrex 

4 Copper 324.8 4 10 0.5 Fused Silica 

5 Lead 217 10 12 1.0 Fused Silica 

6 Nickel 232 4 10 0.2 Fused Silica 

7 Zinc 213.9 5 10 1.0 Fused Silica AAS with 

Flame 

Atomizer 8 Iron 248.3 7 10 0.2 Fused Silica 
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Table – 4.5 Standard value of parameters in Drinking Water given by BIS and WHO 

S. 

No. 
Parameters 

BIS 10500:2012 

WHO (2017) 
Acceptable 

Limit 

Permissible 

Limit 

1 pH 6.5-8.5 - 6.5-8.5 

2 Electrical Conductivity (µmhos/cm) - - - 

3 TDS (mg/L) 500 2000 600 

4 Turbidity (NTU) 1 5 - 

5 Calcium as Ca
+2

 (mg/L) 75 200 
100-300 (Taste 

threshold) 

6 Magnesium as Mg
+2 

(mg/L) 30 100 - 

7 Sodium as Na
+
 (mg/L) - - 

200 (Taste 

threshold) 

8 Potassium as K
+ 

(mg/L) - - - 

9 Boron (mg/L) 0.5 1 2.4 

10 TH as CaCO3 (mg/L) 200 600 - 

11 TA as CaCO3 (mg/L) 200 600 - 

12 Chloride (mg/L) 250 1000 
200-300 (Taste 

threshold) 

13 Fluoride (mg/L) 1 1.5 1.5 

14 Sulphate (mg/L) 200 400 
250 as Na2SO4 

1000 as CaSO4 

15 Ammonia as total ammonia-N (mg/L) 0.5 - 
1.5 (Odour 

threshold) 

16 Nitrite (mg/L) - - 3 

17 Nitrate (mg/L) 45 - 50 

18 Phosphate (mg/L) - - - 

19 Arsenic (mg/L) 0.01 0.05 0.01 

20 Cadmium (mg/L) 0.003 - 0.003 

21 Chromium (mg/L) - - 0.05 

22 Copper (mg/L) 0.05 1.5 2 

23 Lead (mg/L) 0.01 - 0.01 

24 Nickel (mg/L) 0.02 - 0.07 

25 Zinc (mg/L) 5 15 
4 (Taste 

threshold) 

26 Iron (mg/L) 0.3 - - 
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4.2.5 Water Quality Suitability for Irrigation 

Similar to drinking water quality standards, irrigation quality criteria for water has 

also been developed. Most of the countries have accepted the criteria formulated by 

the USDA classification (Richards, 1954; National Engineering Handbook, part 623, 

2013). Two important characteristics of irrigation water: salinity and sodium hazard, 

are taken into consideration in this criteria. 

From the analytical results, the acceptability of groundwater for agricultural uses was 

examined according to electrical conductivity (EC), sodium percentage (Na%), 

sodium absorption ratio (SAR), residual sodium carbonate (RSC), permeability index 

(PI), magnesium hazard (MH), kelly index (KI) and boron toxicity. These parameters 

were calculated by using the measured ionic strength of calcium, magnesium, sodium, 

potassium, carbonate, bicarbonate, chloride and sulphate in mill equivalents per litre. 

Salinity of water is caused by total dissolved salts present in it. Salinity of water is 

best determined by electrical conductivity as it reflects the total amount of dissolved 

salts. On the basis of electrical conductivity, four categories of water is defined (Table 

– 4.6). The salinity of irrigation water produces different hazard on different type of 

soil.  

Table – 4.6 Suitability of Irrigation Water According to Electrical Conductivity 

S. 

No 

Electrical conductance 

(μmho/cm) 
Water 

Class Suitability 
Grade Range 

1 
Low 

Salinity 

<250 Excellent 

This type of water can be used for any type of crop and 

on any type of soil. Slight leaching is required to avoid 

soil salinity but it happens under normal agricultural 

conditions.  

2 
Medium 

Salinity 

250-750 

 

Good 

With this type of water a considerable amount of 

leaching is required. It can be used for irrigation of 

moderate salt tolerance plants without any special 

practices of leaching and drainage. 

3 
High 

Salinity 
750-2250 Fair 

Special salinity control techniques and proper drainage 

are required with this type of water. High salt tolerance 

crops are recommended for cultivation in those areas 

where only highly saline water is available for irrigation.  

4 
Very High 

Salinity 
>2250 Unsuitable 

This type of water is not suitable for irrigation. But in 

absence of alternative sources for irrigation, it can be 

used with highly permeable soil, proper drainage, and 

excessive application of irrigation water and with very 

high salt tolerance crops.   
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Sodium hazard of irrigation water is analysed in terms of sodium absorption ratio 

(SAR) (Todd, 1980). Amount of sodium in soil depends upon the SAR value of 

irrigation water. Quantity of sodium present in soil greatly affects the physical 

condition of soil. High content of sodium in soils, results into formation of crusts, 

lesser soil aeration, lesser infiltration rate, water logging and lesser soil permeability. 

Few crops are critically sensitive to sodium present in soil. Suitability of irrigation 

water on the basis of SAR is given in Table - 4.7. 

Table – 4.7 Suitability of Irrigation Water According to Sodium Adsorption Ratio (Sodium 

Hazard)
 

 

S. 

No 

Sodium 

Adsorption Ratio Water 

Class Suitability 

Grade Range 

1 
Low 

Sodicity 
<10 Excellent 

This type of irrigation water can be used for every kind of crop 

with all soils. There is no risk of sodicity with this irrigation 

water. However few sodium- sensitive plants like stone- fruit 

trees and avocado may accumulate a great quantity of sodium. 

2 
Medium 

Sodicity 
10 to 18 Good 

This type of irrigation water may be used on coarse soil with 

good permeability. But on fine soil with lesser permeability, it 

causes sodium hazard. 

3 
High 

Sodicity 
18 to 26 Fair 

This type of water is not suitable for both type of soil – fine 

textured & coarse textured. Special agricultural practices – 

proper drainage, good leaching and organic soil, are required to 

control the amount of sodium in soil. Addition of gypsum 

avoids development of harmful quantity of exchangeable 

sodium from such type of water. Chemical amendments can 

also be used to manage the quantity of sodium in soil with low 

saline water. 

4 

Very 

High 

Sodicity 

>26 Poor 

This type of water is not suitable for irrigation purposes except 

at low and medium salinity water. Chemical amendments are 

required to make the use of this water feasible. 

 

4.2.6 Effect of Waste Water on Groundwater Quality 

To know the effect of waste water on groundwater quality, characterization of waste 

water originated from agricultural area, industrial area and residential area was also 

done. Standards for specific parameters for effluent discharge are given in Table – 4.8 

(General standards for discharge of environmental pollutants, 1986). 

 



Material & Methods  

76 | P a g e  
 

Table – 4.8 General Standards for discharge of Environmental Pollutants 

 

Parameters 

Standards 

Inland 

surface 

water 

Public 

Sewers 

 

Land for 

Irrigation 

 

 

Coastal areas 

pH value 5.5 to 9.0 5.5 to 9.0 5.5 to 9.0 5.5 to 9.0 

 

Suspended 

Solids (mg/L) 

100 600 200 

For process waste 

water-100. 

For cooling water 

effluent-10% above 

TSS of influent. 

Particulate 

size of 

suspended 

solids 

pass 

through 

850 µ IS 

Sieve 

- - 

Floatable solids-

maximum 3 mm. 

Settleable solids-

maximum 850 µ. 

 

Free 

Ammonia 

(mg/L) 

5 - - 5 

Fluoride 

(mg/L) 
2 15 - 15 

Arsenic 

(mg/L) 
0.2 0.2 0.2 0.2 

Chromium 

(mg/L) 
2 2 - 2 

Cadmium 

(mg/L) 
2 1 - 2 

Lead (mg/L) 0.1 1 - 2 

Copper 

(mg/L) 
3 3 - 3 

Zinc (mg/L) 5 15 - 15 

Nickel 

(mg/L) 
3 3 - 5 

Iron (mg/L) 3 3 - 3 

 

4.2.7 Water Quality Index 

Water Quality Index is a mathematical value for drinking quality of water which 

includes the concentration of a number of constituents present in it. Chemical and 

biological measures of water quality are used to represent water quality index. 

Measured value of the selected quality parameter, ideal concentration of that 

parameter in pure water and standard value given by different quality control 
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organizations are used to determine water quality index. In the current research 

three indexing methods Weighted Arithmetic Water Quality Index (WAWQI), 

Groundwater Quality Index (GWQI) and Canadian Council of Ministers of the 

Environment Water Quality Index (CCME WQI) were used to calculate water 

quality index of groundwater (Table – 4.9). 

 

Table – 4.9 Water quality rating as different water quality index method 

 

Water Quality Index Level Water Quality Status 

As Weighted Arithmatic Water Quality Index (WAWQI) 

0-25 Excellent Water Quality 

26-50 Good Water Quality 

51-75 Poor Water Quality 

76-100 Very Poor Water Quality 

>100 Unsuitable for Drinking 

As Groundwater Quality Index (GWQI) 

<50 Excellent 

50-100 Good water 

100-200 Poor water 

200-300 Very poor water 

>300 Water unsuitable for drinking 

As Canadian Council of Ministers of the Environment Water Quality Index (CCME WQI) 

0-44 Poor Water Quality 

45-59 Marginal Water Quality 

60-79 Fair Water quality 

80-94 Good Water Quality 

95-100 Excellent Water Quality 

 

4.2.8 Geographical Information System (GIS) for Groundwater Quality 

Geographical information system (GIS) maps are best way to describe groundwater 

quality in any region. In current study, GIS maps were prepared for each analysed 

parameters for groundwater quality using software Surfer 11. 

4.2.9 Defluoridation of Aqueous Solution Using Marble Slurry 

Extreme fluoride concentrations in drinking water persist to be a grave problem in 

many parts of the world. Due to such manifestations there was a demand of simple yet 

cost effective method for defluoridation. Current study puts forward an alternative 

cost effective method of defluoridation using marble slurry as an adsorbent. Batch 

experiments were conducted in order to evaluate the parameters, which judge the 

adsorption process, and removal efficiency of adsorbent. 
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A survey was conducted in study area to know the health issues among the residents. 

A total of 35 people were asked about the drinking water quality and health related 

questions. Out of these, 32 survey reports were included in study (Fig. 5.1.1 & 5.1.2). 

People of eight villages were interviewed. Results of survey showed that residents of 

two villages (Duryai & Talabpur) of agricultural zone didn’t have any major health 

problem. Many residents of three villages (Achheja, Dujana & Badalpur) of industrial 

zone had gastro-intestinal problem, cancer problem, heart problem, typhoid etc.. 

Medical reports of few patients are given in Fig. 5.1.3. The main problematic area was 

Achheja, Dujana, Sadopur and Badhpura village (Fig. 5.1.4). Many people of Sadopur 

village were suffering from various diseases. Survey reports and medical reports of 

patients interviewed,  are included in Annexure. 

People of the village have some stereotype. They were not ready to talk about cancer 

patient in their family. They didn’t want to give any information about the cancer 

patient in their family. On the basis of discussion, one reason behind it was 

metrimonial problem. They thought it is a hereditary or communicable disease. No 

one wanted to start a family relation with cancer patient family. Few local residents 

Rame Nagar, Prof. Devedra Nagar and Advocate Surendra Baisoa helped me to 

findout cancer patients and their medical reports.  

Many people were suffering from various health issues but due to the lack of 

awareness, they were not able to understand exact reason behind it. Results of current 

study revealed that consumption of contaminated water was one of the reason behind 

the occurrence of a large number of cancer patient at one place. People were not able 

to use pure water due to lack of awareness, finance and resources. During the survey, 

it was observed that few people took necessary steps to use the clean water and after 

longer run their health status improved. 

Most of the people agreed that groundwater quality was not good. It had foul smell, 

turbidity and bad taste. Many of them uesd purification device to improve the quality 

of water. In their view, effluent of nearby industries were responsible for degradation 

of quality of groundwater. The response of majority of people of study area was that 

water quality was a major cause of carcinogenicity in large number of residents.  
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Fig. 5.1.1 Pictures of Survey conducted in Study area 

 

Fig. 5.1.2 Newspaper Report of the Survey (Source : Focus Aawaz, Gautam Budh Nagar) 
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Fig. 5.1.3 Medical reports of few Residents of study area  
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Health status of residents of study area based upon results of survey conducted is 

presented in Fig. 5.1.4. Pro forma of questionnaire is given in Fig. 4.2. 

 

 

 

 

 

Duryai 
Respondents have 

no health problem 

Talabpur 
Respondents have no 

health problem 

Dujana 

2 respondents have no 

health problem 

1 patient of Gastro-

intestinal disease 

1 patient of Heart problem 

1 patient of Throat infection 

1 patient of Stomach-ache 
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Badalpur 

3 respondents have no 

health problem 

1 patient of Gastro-

intestinal disease 

2 patients of Cancer 

2 patients of Typhoid 

Sadopur 

1 patient of liver 

cancer 

1 patient of tooth 

cancer 

1 patient of carcinoma 

tonsil 

1 patient of acute 

coronary syndrome  

1 patient of bones 

related issue 

1 patient of acute 

Bronchitis & cervical 

spasm 

Dhoom 

Manikpur 

1 respondent has no health 

problem 

1 patient of severe 

Gastric Problem 

2 patients of paralysis 
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 Fig. 5.1.4 Results of Survey conducted in Study area 

 

 

 

Badhpura 

1 patient of Breast cancer 

1 patient of liver cancer 



Chapter 5.2 Drinking Suitability of Groundwater 
 
 

Altogether twenty-two samples of groundwater were analysed in pre-monsoon and 

post-monsoon season of three consecutive years 2016, 2017 and 2018. The following 

parameters were analysed in all collected sample. 

 
5.2.1 PHYSICO-CHEMICAL PARAMETERS 

 

 
  

I. pH, Electrical Conductivity (EC), Total Dissolved Solid (TDS) and Turbidity.  

 

II.    Cations: Total Hardness, Calcium (Ca
+2

), Magnesium (Mg
+2

), Sodium (Na
+1

), 

Potassium (K
+1

) and Boron (B
+3

). 
 

III.   Anions: Total Alkalinity (CO3
-2 

& HCO3
-1

), Chloride (Cl
-1

), Fluoride (F
-1

), 

Nitrite (NO2
-1

), Nitrate (NO3
-1

), Phosphate (PO4
-3

) and Sulphate (SO4
-2

). 
 

IV. Ammonia (NH3). 
 

5.2.2 HEAVY METALS (Arsenic, Cadmium, Chromium, Copper, Nickel, Lead, Iron 

and Zinc). 
 
 

PHYSICO-CHEMICAL PARAMETERS 
 

 
 

5.2.1.1 Hydrogen Ion Concentration (pH) 

The pH measures hydrogen ion concentration in natural water and specify the acidity 

or alkalinity.  The chemical and biological characteristics of water are affected by 

acidity (or alkalinity) of it. pH is the resultant value of the interaction of organic 

content and minerals present in pure or slightly polluted water. The value of pH is 

determined  mainly  by  the  correlation  between  the  concentration  of  free  carbon 

dioxide, bicarbonates and carbonates. This correlation, in turn, depends substantially 

on the intensity of the process of photosynthesis and biochemical oxidation of organic 

substances, as well as on the chemical conversion of some mineral substance. Most of 

the natural waters have pH value greater than 7 due the presence of carbonates. Under 

natural conditions the pH value in groundwater ranges usually from 6.5 to 8.5. pH is 

affected by the increase in the content of colored humus substances. During the course 

of time, pH of water is affected by its exposure to air, change in temperature and 

biological activities. Drastic changes in pH of water also occur due to increased 

content of acids or alkalis discharged into the water bodies. pH also determines the 

fate of metals present in aquifers. 
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At alkaline pH, metal ions precipitate at the sediments (Chapman, 1996). Some 

natural organic compounds like humic and fulvic acids also control the pH of water. 

Many natural or anthropological activities disturb the natural acid-base balance of 

aquifers. 

The pH trend in pre-monsoon and post-monsoon samples of study area in three 

consecutive years (2016-2018) is given in Table - 5.2.1.1 and 5.2.1.2.  

The analytical results revealed that pH of groundwater of study area was neutral to 

alkaline in both the season but there was a slight decrease of pH in post-monsoon 

samples. During study period, analysed range of pH in groundwater samples was 7.09 

to 9.15. pH value of studied samples ranged from 7.09 to 9.1 (in year 2016), 7.15 to 

8.97 (in year 2017) and 7.17 to 9.15 (in year 2018).  

To elucidate the quality of groundwater in different land use patterns, study area was 

divided into three zones–Agricultural zone, Industrial zone and Residential zone. In 

agricultural zone, pH value ranged from 7.12 to 7.98, in industrial zone its value 

ranged from 7.09 to 9.15 and in residential zone pH value was from 7.20 to 8.01. The 

minimum pH value of 7.09 was recorded in water sample collected from the water 

quality station of Khera Dharampura in post-monsoon season of 2016. The highest pH 

value of 9.15 was recorded in water sample collected from the water quality station of 

Dujana in pre-monsoon season of 2018.  

Groundwater of study area showed dilution due to monsoon and lesser alkalinity was 

observed in post-monsoon samples due the recharge of ground aquifers. The impact 

of monsoon on pH was greater in year 2018 due to more influx of rain water. The 

results of analysis also revealed that post-monsoon samples of water quality station of 

Khera Dharampura had a rise in pH. The increase in pH of groundwater showed that 

dissolution of ions has been enhanced in rainy season due to more soil – water 

interaction in this area.  
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Table - 5.2.1.1 Seasonal Variation in pH of Groundwater samples during year 2016, 

2017 & 2018 

 

 

 

Pre-monsoon 7.38 7.42 7.86

Post-monsoon 7.12 7.35 7.24

Pre-monsoon 7.91 7.82 7.88

Post-monsoon 7.67 7.15 7.46

Pre-monsoon 7.64 7.67 7.79

Post-monsoon 7.12 7.38 7.39

Pre-monsoon 7.69 7.59 7.98

Post-monsoon 7.43 7.42 7.46

Pre-monsoon 7.68 7.75 7.48

Post-monsoon 7.56 7.25 7.21

Pre-monsoon 8.13 7.56 7.49

Post-monsoon 7.79 7.28 7.17

Pre-monsoon 8.24 8.04 8.56

Post-monsoon 8.18 8.01 8.28

Pre-monsoon 7.95 7.82 7.75

Post-monsoon 7.5 7.65 7.35

Pre-monsoon 7.34 7.56 8.02

Post-monsoon 7.22 7.46 7.65

Pre-monsoon 7.27 7.37 7.45

Post-monsoon 7.09 7.15 7.28

Pre-monsoon 7.81 7.61 7.8

Post-monsoon 7.3 7.43 7.37

Pre-monsoon 7.93 8.1 7.51

Post-monsoon 7.81 7.83 7.38

Pre-monsoon 7.79 7.89 7.34

Post-monsoon 7.65 7.79 7.21

Pre-monsoon 8.1 7.84 8.04

Post-monsoon 7.9 7.66 7.8

Pre-monsoon 9.1 8.97 9.15

Post-monsoon 8.8 8.74 9

Pre-monsoon 8.77 8.58 8.5

Post-monsoon 8.35 8.18 8.3

Pre-monsoon 8.66 8.56 8.9

Post-monsoon 8.4 8.38 8.2

Pre-monsoon 8.65 8.51 8.85

Post-monsoon 8.4 8.31 8.1

Pre-monsoon 7.97 7.87 8.01

Post-monsoon 7.21 7.55 7.56

Pre-monsoon 7.79 7.84 7.97

Post-monsoon 7.68 7.77 7.23

Pre-monsoon 7.65 7.74 7.43

Post-monsoon 7.72 7.82 7.56

Pre-monsoon 7.7 7.31 7.8

Post-monsoon 7.45 7.2 7.25

Duryai 3.50% 0.90% 7.90%

Duryai 3.00% 8.60% 5.30%

Water Quality 

Station
Season 2016 2017 2018

Percentage change from Pre-

monsoon to Post-monsoon

Bisrakh Road 1.60% 6.50% 3.60%

Bisrakh Road 4.20% 3.70% 4.30%

Duryai 6.80% 3.80% 5.10%

Talabpur 3.40% 2.20% 6.50%

Bisrakh Road 1.60% 1.30% 4.60%

Khera 

Dharampura
2.50% 3.00% 2.30%

Bisrakh Road 0.70% 0.40% 3.30%

Bisrakh Road 5.70% 2.20% 5.20%

Achheja 1.80% 1.30% 1.80%

Dujana 2.50% 2.30% 3.00%

Bishnuli 6.50% 2.40% 5.50%

Achheja 1.50% 3.30% 1.70%

2.90% 2.40% 8.50%

Dujana 3.30% 2.60% 1.60%

Dujana 4.80% 4.70% 2.40%

S3

S4

S5

Dhoom 

Manikpur
-0.90% -1.00% -1.70%

Badhpura 3.20% 1.50% 7.10%

Sadopur 9.50% 4.10% 5.60%

Dairy Maccha 1.40% 0.90% 9.30%

Dujana 3.00% 2.10% 7.90%

BadalpurS18

S19

S20

S21

S22

Zone

Agricultural 

Industrial 

Residential

S12

S13

S14

S15

S16

S17

S6

S7

S8

S9

S10

S11

Sample No.

S1

S2
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Table - 5.2.1.2 Statistical Summary of pH in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 7.27 
Khera 

Dharampura 
7.09 

Khera 

Dharampura 
7.31 Badhpura 7.15 

Khera 

Dharampura, 

Duryai 

7.34 Achheja 7.17 
Bisrakh 

Road 

Max. 9.1 Dujana 8.8 Dujana 8.97 Dujana 8.74 Dujana 9.15 Dujana 9 Dujana 

Mean 7.96 7.70 7.88 7.67 7.98 7.61 

St. Dev. 0.48 0.48 0.43 0.43 0.51 0.48 
 

The empirical probability distribution plot or histogram of pH value of groundwater 

samples during three consecutive study year (2016, 2017 & 2018) is given in Fig. 

5.2.1.1, 5.2.1.2 and 5.2.1.3 respectively. Plot showed that majority of samples fall in 

middle of curve in year 2016 & 2017 and hence have suitable value of pH. In year 

2018, majority of samples were located on the left side of curve showing acidic nature 

of water samples. Box and Whisker plot was also drawn to know the distributional 

characterstics of pH values of groundwater during study period (Fig. 5.2.1.4). In year 

2016, only one outlier was present. In year 2017 and 2018, two outliers were present. 

Throughout the study period, the data was symmetrical, but in year 2017, it was 

tightly grouped. Median value was slightly lesser than mean value in each year. Fig. 

5.2.1.5 showed the spatial distribution of pH of groundwater in study area. 

Distribution pattern of pH showed that groundwater of central and north-east part of 

study area had high pH value.   

However pH of drinking water does not have any adverse health effect but it is a 

distinct operative parameter for water quality (WHO 2017). The pH of water should 

be controlled to reduce the corrosion in water distribution network. The corrosion of 

water distribution pipes adversely affects the taste & appearance of water. It also 

causes metal contamination of water. The extreme high or low value of pH in 

supplied water is due to any breakage in lining of Cement-mortar lined ductile iron 

pipe. BIS and WHO give a standard range of 6.5 - 8.5 for drinking water. There is no 

permissible limit of pH for drinking water. The analytical results showed that nearly 

11% of samples were out of the standard range of drinking water. These samples were 

collected from the water quality stations of Dujana, Badalpur and bisrakh road. All of 

these stations were in industrial zone of study area hence reflects the leaching of 
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chemicals from industrial effluents to ground aquifers. Rest of the water quality 

stations of study area have suitable quality of drinking water. 

Singh & Tripathi, (2016) studied ground water quality of Noida region of National 

Capital Region of India, and reported that pH of ground water ranged from 7.1 to 7.9. 

Similar type of studies were done by many researchers (Madhnure et al., (2007) in 

Pandharkawada area, Yavakmal district, Maharashtra; Vasanthavigar et al., (2010) in 

Tamilnadu; Salifu et al., (2017) in Wa-Lawra Gold belt of Ghana). The major sources 

of alkaline pH of water are anthropogenic actions, industries and slag dumps 

(Roadcap et al., 2005; Mulamattathil et al., 2015; Gaikwad et al., 2019).  

  
 

Fig. 5.2.1.1 Empirical probability distribution of 

pH in Groundwater samples (in year 2016) 

Fig. 5.2.1.2 Empirical probability distribution of 

pH in Groundwater samples (in year 2017) 

 

 

 

Fig. 5.2.1.3 Empirical probability distribution of pH in Groundwater samples (in year 2018)  
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Fig. 5.2.1.4 Box and Whisker plot of pH in Groundwater samples during study period (2016-

2018) 

 

 

 

 

 

 

 

 



                                                  Drinking Suitability of Groundwater 

93 | P a g e  
 

  

2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.5 Spatial distribution of pH in Groundwater samples during study period (2016-2018) 
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5.1.1.2 Electrical Conductivity (EC) 

Electrical conductivity measures the capability of an aqueous solution to conduct 

electricity. Flow of electric-current is caused by the ions present in water. Electrical 

conductivity only measures the ionic species quantitatively not qualitatively. 

Conductivity of water does not measure the quantity of non-electrolyte present in it. 

Conductivity depends on the quantity, mobility and valency of ions. The temperature 

of the water also regulates conductivity. Conductivity increase with the increase in 

temperature of water and changes at the rate of 2% per degree centigrade but may not 

vary significantly in the flowing water. Inorganic substacnes show better conductance 

while organic compounds are poor current conductors, as they do not dissociate into 

ions. Hence electrical conductivity denotes the presence of inorganic pollutants and its 

value represents the cumulative concentration of these pollutants.  

Table - 5.2.1.3 and 5.2.1.4 are representing the electrical Conductivity trends in study 

area.  

There is a wide variation in EC value of groundwater in study area. During 2016, EC 

value of groundwater was from 682 to 4251 µmhos/cm, in 2017 its value varied from 

520 to 2648 µmhos/cm while in 2018 EC value was from 607 to 3448 µmhos/cm.  

In agricultural zone, EC value ranged from 727 to 1529 µmhos/cm with a mean value 

of 995 µmhos/cm. The EC value in industrial zone ranged between 520 and 4251 

µmhos/cm providing a mean value of 1748 µmhos/cm. Residential zone of study area 

also has a wide range of conductivity with a minimum value of 561 µmhos/cm and a 

maximum value of 2800 µmhos/cm with a mean of 1443 µmhos/cm. The decreasing 

order of mean value of EC in different zone are; industrial zone (1748 µmhos/cm) > 

residential zone (1443 µmhos/cm) > agricultural zone (995 µmhos/cm). 
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Table - 5.2.1.3 Seasonal Variation in EC (µmhos/cm) of Groundwater samples during year 2016, 

2017 & 2018 

 

 

 

Pre-monsoon 1525 1059 1529

Post-monsoon 1410 1130 1340

Pre-monsoon 939 845 949

Post-monsoon 869 877 835

Pre-monsoon 860 727 871

Post-monsoon 796 795 769

Pre-monsoon 910 765 1270

Post-monsoon 883 790 1128

Pre-monsoon 710 633 695

Post-monsoon 698 658 607

Pre-monsoon 2371 1810 2617

Post-monsoon 2260 2115 2348

Pre-monsoon 2107 1657 1900

Post-monsoon 2050 1779 1660

Pre-monsoon 917 819 898

Post-monsoon 902 811 797

Pre-monsoon 780 615 790

Post-monsoon 775 706 700

Pre-monsoon 1292 1007 1401

Post-monsoon 1149 1052 1210

Pre-monsoon 1283 1153 1179

Post-monsoon 1195 1135 1051

Pre-monsoon 4251 1878 2758

Post-monsoon 4061 2501 2700

Pre-monsoon 2330 1650 2298

Post-monsoon 2252 1939 2038

Pre-monsoon 760 538 943

Post-monsoon 682 520 879

Pre-monsoon 2990 1818 2638

Post-monsoon 2715 2200 2325

Pre-monsoon 2845 2102 3448

Post-monsoon 2763 2648 2990

Pre-monsoon 2365 1790 2441

Post-monsoon 2304 2211 2124

Pre-monsoon 2580 1980 2868

Post-monsoon 2475 2380 2553

Pre-monsoon 765 561 660

Post-monsoon 760 610 615

Pre-monsoon 890 1222 1491

Post-monsoon 831 1328 1320

Pre-monsoon 1600 1923 2055

Post-monsoon 1438 1735 1753

Pre-monsoon 2800 1763 2310

Post-monsoon 2205 1850 2150

10.10% 9.80% 14.70%

6.90%-4.90%21.30%

0.70% -8.70% 6.80%

11.50%-8.70%6.60%

2.60% -23.50% 13.00%

11.00%-20.20%4.10%

11.90%-21.00%9.20%

2.90% -26.00% 13.30%

3.30% -17.50% 11.30%

10.30% 3.30% 6.80%

6.90% 1.60% 10.90%

4.50% -33.20% 2.10%

0.60% -14.80% 11.40%

11.10% -4.50% 13.60%

2.70% -7.40% 12.60%

1.60% 1.00% 11.20%

1.70% -3.90% 12.70%

4.70% -16.90% 10.30%

7.40% -9.40% 11.70%

3.00% -3.30% 11.20%

7.50% -6.70% 12.40%

7.50% -3.80% 12.00%

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

S12 Achheja

S13 Achheja

S14 Dujana

S15 Dujana

S16 Dujana

S17 Dujana

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22
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Table - 5.2.1.4 Statistical Summary of EC (µmhos/cm) in Groundwater samples 

 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 710 
Bisrakh 

Road 
682 Dujana 538 Dujana 520 Dujana 660 Sadopur 607 

Bisrakh 

Road 

Max. 4251 

 

Achheja 

 

4061 

 

Achheja 

 

2102 Dujana 2648 Dujana 3448 Dujana 2990 Dujana 

Mean 1721.4 1612.4 1287.0 1444.1 1727.7 1540.5 

St. Dev. 977.25 915.09 548.70 700.47 836.48 752.22 

 

It was observed from the analytical results of pre-monsoon and post-monsoon 

samples that EC of groundwater decreased after rainy season. Lesser conductivity in 

post-monsoon season reflects that ionic strength of groundwater decreased after 

precipitation. Rainfall has recharged the ground aquifers and recharging of 

groundwater reduced the ionic concentration of water. Although there was overall 

decrease in conductivity of water at all water quality station in post-monsoon season 

but water quality station at Dujana showed increase of conductivity (from 2102 to 

2648 µmhos/cm) after monsoon during 2017. The rise in ionic concentration at 

Dujana water quality station was due to industrial pollution from various 

manufacturing units in this area like iron & steel industry, rice mill etc. Electrical 

conductivity depicts the strength of cations and anions in water and hence its high 

value makes the water unfit for drinking purpose. 

During the study period, distribution plot of EC of groundwater samples showed that 

comparatively lesser number of samples were present on the right side of plot (Fig. 

5.2.1.6, 5.2.1.7 & 5.2.1.8). This explained that although maximum value of EC of 

groundwater was high throughout the study period but number of samples having high 

EC value was not very big. Box and whisker plot of electrical conductivity value of 

groundwater in three consecutive years showed that all the values were within the box 

and whisker, no outliers were present in it (Fig. 5.2.1.9). Large variation was observed 

between the median and mean value. Mean value of EC was considerably higher than 

median value. Spatial distribution graph of EC value of groundwater samples in study 

area during thoughout study period is given in Fig. 5.2.1.10. In year 2016, 

groundwater of central part of study area (industrial & agricultural) had high value of 
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EC. Overall EC value of groundwater decreased in year 2017 & 2018 but central part 

remained polluted. 

Ibraheem et al., (2015) reported that electrical conductivity has direct correlation with 

the total dissolved solids value of water. High range of electrical conductivity (673 µS 

to 3470 µS) was found in groundwater of Hyderabad (Jampani et al., 2018). Very 

high range of electrical conductivity was reported by Vasanthavigar et al., (2010); 

Ravikumar et al., (2011); Ackah et al., (2011) in different study areas.  

  

Fig. 5.2.1.6 Empirical probability distribution of 

EC in Groundwater samples (in year 2016) 

Fig. 5.2.1.7 Empirical probability distribution of 

EC in Groundwater samples (in year 2017) 
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Fig. 5.2.1.8 Empirical probability distribution of EC in Groundwater samples (in year 2018) 

 

 

Fig. 5.2.1.9 Box and Whisker plot of EC in Groundwater samples during study period (2016-

2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.10 Spatial distribution of EC in Groundwater samples of study area during study 

period (2016-2018) 
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5.1.1.3 Total Dissolved Solids (TDS)  

Total dissolved solids (TDS) measures the quantity of mineral and salts present in 

water. TDS represents various kinds of nutrients and has been proved to be a very 

useful parameter for the characterization of quality of water for drinking purpose. The 

leading inorganic constituents of natural water are carbonate, bicarbonate, fluoride, 

chloride and sulphate of calcium, magnesium, sodium and potassium. Nitrate is also 

found in natural water of agricultural prone areas. The potability of water depends 

upon the TDS value of it. The drinking water with very high TDS (metallic taste) or 

low TDS (insipid taste) is unacceptable. Presence of TDS in excess may disturb the 

ecological balance and cause imbalance in osmotic regulation and suffocation in 

aquatic fauna even if fair amount of dissolved oxygen is present. If any one of the 

dissolved inorganic salts becomes excessive, the water becomes unfit for drinking 

purpose and its use for a substantial period for irrigation causes salinity of soil. TDS 

enriches the nutrient status of water and in higher quantity it results in eutrophication 

of the aquatic ecosystem. Sudden increase in TDS can often indicate pollution by an 

extreaneous source. Harmful and lethal heavy metals are also found in the form of 

dissolved solids.  

The Total dissolved solids in pre-monsoon and a post-monsoon groundwater samples 

of study area in three consecutive years (2016-2018) is given in Table - 5.2.1.5 and 

5.2.1.6.  

TDS of studied samples, in study area, varied from 339 mg/L (at Dujana water quality 

station in post-monsoon samples of year 2017) to 2764 mg/L (at Achheja water 

quality station in pre-monsoon samples of year 2016). Analytical results revealed that 

one water quality station S6 at Achheja had TDS value (2764 mg/L in pre-monsoon & 

2641 mg/L in post-monsoon) nearly two times of the other water quality station S5 in 

the same village (1516 mg/L in pre-monsoon & 1465 mg/L in post-monsoon). This 

exceptional increase in TDS value showed infiltration of inorganic and organic 

substances at particular place. Water quality stations at Bisrakh road also had high 

TDS value of groundwater. This area came under industrial zone and several big or 

small manufacturing units were present in this area. The effluents of these industries 

were dumped directly into surface water or groundwater without any treatment,, 

which enhanced the TDS level of groundwater in this area.  
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Table - 5.2.1.5 Seasonal variation in TDS (in mg/L) of Groundwater samples during year 2016, 

2017 & 2018 
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The results of study also showed that most of the samples had lesser dissolved solids 

in post-monsoon season. But during year 2017, the amount of dissolved solids 

increased after rainfall. However water quality stations at Achheja, Bisrakh road, 

Dujana and Badalpur (S5, S6, S9, S12, S19, S20, S21 and S22) showed significant 

increase (>15%) in TDS value. During the study period, lesser precipitation in year 

2017 as compared to other years, caused this type of trend in study area.  

The empirical probability distribution plots of TDS in groundwater samples collected 

from study area during three consecutive year (2016, 2017 & 2018) are given in Fig. 

5.2.1.11, 5.2.1.12 and 5.2.1.13 respectively. Investigation of the probability 

distribution of dataset revealed that a large number of studied samples were around 

TDS value of 500 mg/L. Box and Whisker plot was also drawn to know the 

distributional characterstics of TDS values of groundwater during study period (Fig. 

5.2.1.14). In year 2016, maximum variability in data was observed. Plot depicts that 

mean and median value of TDS lowered in year 2017 and again increased in year 

2018. The 25
th

 and 75
th

 percentile of TDS in year 2016, 2017 & 2018 were 563, 516, 

577.5 and 1526, 1212.5, 1504 respectively. Spatial distribution or GIS map of TDS of 

groundwater in study area is given in Fig. 5.2.1.15. In year 2016, TDS of groundwater 

in industrial zone was very high. But in year 2017 & 2018, TDS of groundwater was 

high in both industrial and agricultural zone. 

BIS gives 500 mg/L as the acceptable limit and 2000 mg/L as permissible limit of 

TDS in drinking water. WHO does not give a health based guideline value for TDS 

but drinking water with TDS lesser than 600 mg/L is good for drinking and TDS 

greater than 1000 mg/L in drinking water changes the potability of water. Out of total 

Table - 5.2.1.6 Statistical Summary of TDS (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 460 
Bisrakh 

Road 
444 Dujana 350 Dujana 339 Dujana 430 Sadopur 393 

Bisrakh 

Road 

Max. 2764 
Achheja 

 
2641 

Achheja 

 
1366 Dujana 1720 Dujana 2240 Dujana 1945 Dujana 

Mean 1117.91 1045.0 836.60 938.73 1124.2 1000.9 

St. Dev. 635.36 595.89 356.75 455.07 543.9 488.98 
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analysed samples, 83% of samples crossed the acceptable limit and 3 samples were 

beyond the permissible limit of BIS for TDS in drinking water. The samples which 

had higher TDS value belongs to water quality station at Achheja and Dujana. Nearly 

55% of samples were below the prescribed range of TDS in drinking water by WHO. 

Srinivas et al., (2002) in Andhra Pradesh reported TDS from 270 mg/L to 2364 mg/L. 

Ranjana, (2010) analysed TDS ranging from 700 mg/L to 3200 mg/L in groundwater 

of Kotputli Town, Jaipur, Rajasthan. Singh & Hussian, (2016) analysed the 

groundwater of Greater Noida sub-basin of Uttar Pradesh and reported that all the 

analysed samples except one (having TDS 2182 mg/L) were below the permissible 

limit of TDS given by BIS. Drinking water with high TDS is objectionable in taste 

and causes gastrointestinal irritation (Ahamed et al., 2017). Jampani et al., (2018) 

reported the range of 430 mg/L to 2221 mg/L in ground water of Hyderabad. 

  

Fig. 5.2.1.11 Empirical probability distribution of 

TDS in Groundwater samples (in year 2016) 

Fig. 5.2.1.12 Empirical probability distribution of 

TDS in Groundwater samples (in year 2017) 
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Fig. 5.2.1.13 Empirical probability distribution of TDS in Groundwater samples (in year 2018) 

 

 

Fig. 5.2.1.14 Box and Whisker plot of TDS in Groundwater samples during study period (2016-

2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.15 Spatial distribution of TDS in Groundwater samples of study Area during study 

period (2016-2018) 
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5.1.1.4 Turbidity 

Turbidity of water specify the occurrence of suspended matters (sand, silt, inorganic 

& organic substances) in it. Turbidity expresses the cloudiness of water. In natural 

water, turbidity is due to disturbance of sediments, influx of contaminated water, 

excessive growth of flora and fauna etc. High tubidity of water reduces the 

trasmittance of light through water. It also makes water unpalatable. Although most of 

the turbidity causing particles have no health effects but visible turbidity indicates the 

presence of hazardous constituents. At very high level, turbidity of water affects 

domestic and industrial working (staining of materials of machines, fittings, clothes 

etc.). 

Table - 5.2.1.7 and 5.2.1.8 are representing the turbidity in groundwater of study area 

during study period. 

During study period, the turbidity of studied water samples ranged from 0 NTU to 56 

NTU (at Dhoom Manikpur water quality station in pre-monsoon samples of 2018). In 

year 2016, turbidity varied from 0 to 48 NTU with a mean value of 8.86 NTU. Its 

maximum value was obtained from groundwater of Badhpura water quality station in 

post-monsoon season. During 2017, turbidity varied from 0 to 48 NTU with a mean 

value of 6.93 NTU. In year 2018, range of turbidity was 0 to 56 NTU with a mean of 

8.61 NTU.  

The mean value of turbidity in groundwater of three different zone of study area was 

3.5 NTU (in agricultural zone), 4.04 NTU (in industrial zone) and 27.13 NTU (in 

residential zone).  

Distribution plot of turbidity of groundwater samples revealed that most of the 

samples are located on left side of plot in the range of 0 to 10 (Fig. 5.2.1.16, 5.2.1.17 

& 5.2.1.18). From the analysis of box and whiskers plot, it is clear that data was not 

symmetrical and many outliers were present (Fig. 5.2.1.19). A large variation in 

turbidity value was observed thoroughout the study period. The exceptionally high 

value of turbidity in residential zone of study area was also evident by spatial 

distribution of turbidity value of groundwater in study area (Fig. 5.2.1.20). Turbidity 

of groundwater in residential zone was maximum during all the sampling period.  
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Table - 5.2.1.7 Seasonal variation in Turbidity (in NTU) of Groundwater samples during year 

2016, 2017 & 2018 
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Table - 5.2.1.8 Statistical Summary of Turbidity (in NTU) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 1 

Duryai, 

Bishnuli, 

Dujana 

0 

Talabpur, 

Duryai, 

Bishnuli, 

Dujana 

0 

Achheja, 

Bisrakh 

Road, 

Talabpur, 

Duryai, 

Dujana 

0 

Bisrakh 

Road, 

Talabpur, 

Duryai, 

Bishnuli, 

Dujana, 

Badalpur 

0 Dujana 0 

Talabpur, 

Dujana, 

Badalpur 

Max. 45 
Bisrakh 

Road  
48 

Badhpura 

 
48 

Badhpura 

 
42 

Badhpura 

 
56 

Dhoom 

Manikpur 
53 

Dhoom 

Manikpur 

Mean 9.59 8.14 7.14 6.73 10.318 6.8864 

St. Dev. 13.84 14.03 13.96 11.92 14.509 11.765 

 

BIS gives 1 NTU as an acceptable limit of turbidity and 5 NTU as the permissible 

limit of turbidity. Around 61.4% of studied water samples had turbidity greater than 1 

NTU and 21.03% of samples exceeded the turbidity value of 5 NTU. Groundwater 

samples taken from water quality station at Badhpura, Dhoom Manikpur, Dairy 

Maccha, Bisrakh road and Duryai had very high value of turbidity depicting the 

presence of suspended substances. The source of suspended matter in groundwater 

was percolation of hazardous chemicals present in agricultural runoff, effluents of 

various industries and municipal wastes. Rajankar et al., (2011) investigated the 

groundwater of Bhandara district of central India and reported a range of 4.2 to 184.2 

NTU (in pre-monsoon samples) and 3.8 to 79 NTU (in post-monsoon samples). 

Similar type of study was done by Aboyeji & Eigbokhan, (2016) near to Olusosun 

open dumpsite in Lagos metropolis in southwest Nigeria. Kolawole & Afolayan, 

(2017) also studied the groundwater of Ilorin, north-central Nigeria and reported 

turbidity from 2.69 to 6.31 NTU.  
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Fig. 5.2.1.16 Empirical probability distribution of 

Turbidity in Groundwater samples (in year 2016) 

Fig. 5.2.1.17 Empirical probability distribution of 

Turbidity in Groundwater samples (in year 2017) 

 

 

Fig. 5.2.1.18 Empirical probability distribution of Turbidity in Groundwater samples (in year 

2018) 
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Fig. 5.2.1.19 Box and Whiskers plot of Turbidity in Groundwater samples during study period 

(2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.20 Spatial distribution of Turbidity in Groundwater samples of study Area during 

study period (2016-2018) 
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5.2.1.5 Total Hardness (TH) 

Total hardness specifies the total concentration of calcium and magnesium (as CaCO3, 

in mg/L). Traditionally hardness of water refers to its capacity to form lather with 

detergents and soaps. Boiling point of water increases with hardness. Hardness of 

water is responsible for scaling in water distribution system, water boilers and other 

water heating appliances. It is not due to specific ion but is a mixture of ions. 

Hardness of water is of two types – temporary hardness and permanent hardness. 

Temporary hardness of water is due to carbonates/bicarbonates of 

calcium/magnesium. Permanent hardness is due to alkaline earth sulphate and 

chlorides. Naturally hardness of groundwater can be increased due to dissolution of 

minerals present in rocks, seepage and runoff from surface water. Hard water is 

usually found in regions having thick layer of soiled lime stone. Hardness of ground 

water is comparatively higher than surface water due to weathering of rocks that 

contain appreciable amount of minerals like calcite, gypsum, dolomite etc. Chemical 

industries and mining process also contributes in hardness of water. At construction 

site, oxide of calcium is used in different building materials. Calcium salts are widely 

used in paper production, pharmaceuticals, photography, lime, de-icing salts, 

pigments, fertilizers, plasters and as a waste water treatment chemical (Limestone 

(CaCO3), lime (CaO) and slaked lime (Ca(OH)2)). Hardness of water is generally 

analysed to examine its appropriateness for domestic, recreational and industrial 

usage. Hard water does not cause any specific negative health impacts but it is only 

due to natural factor- soil rock interaction. Water is classified according to the extent 

of hardness as either hard or soft. According to the Taylor’s & Sawyer’s classification 

the water as soft or hard based on the following criterian-  

S.No. 

Taylor’s classification Observed % 

of samples 

Sawyer’s, 1960 Observed % 

of samples Concentration Class Concentration Class 

1 <50 mg/L Soft - <75 mg/L Soft - 

2 51-100 mg/L Moderately Soft - 75-150 mg/L Moderately Soft - 

3 101-150 mg/L Slightly Hard - 150-300 mg/L Hard 37.12% 

4 151-250 mg/L Moderately Hard 12.12% > 300 mg/L Very Hard 62.88% 

5 251-350 mg/L Hard 31.81%    

6 >350 mg/L Very Hard 56.07%    
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The results of the water quality analysis with respect to total hardness at all the water 

quality stations of the study area are given in Table - 5.2.1.9 and 5.2.1.10. 

Table - 5.2.1.9 Seasonal Variation in TH (in mg/L) of Groundwater samples during year 2016, 

2017 & 2018 

 

 

Pre-monsoon 392 265 418

Post-monsoon 377 271 371

Pre-monsoon 300 290 307

Post-monsoon 280 280 275

Pre-monsoon 287 228 299

Post-monsoon 271 253 262

Pre-monsoon 330 300 466

Post-monsoon 322 286 408

Pre-monsoon 230 213 225

Post-monsoon 221 208 201

Pre-monsoon 610 557 683

Post-monsoon 577 540 590

Pre-monsoon 563 471 483

Post-monsoon 539 454 434

Pre-monsoon 295 282 299

Post-monsoon 295 270 266

Pre-monsoon 258 228 273

Post-monsoon 254 232 240

Pre-monsoon 487 437 515

Post-monsoon 441 392 449

Pre-monsoon 296 242 328

Post-monsoon 290 240 304

Pre-monsoon 1005 591 645

Post-monsoon 960 583 631

Pre-monsoon 504 454 499

Post-monsoon 482 418 443

Pre-monsoon 306 219 393

Post-monsoon 279 213 366

Pre-monsoon 722 596 623

Post-monsoon 644 536 542

Pre-monsoon 667 674 805

Post-monsoon 642 615 696

Pre-monsoon 484 495 523

Post-monsoon 470 476 444

Pre-monsoon 541 563 634

Post-monsoon 504 532 550

Pre-monsoon 336 272 283

Post-monsoon 332 256 264

Pre-monsoon 197 287 320

Post-monsoon 190 282 299

Pre-monsoon 413 512 517

Post-monsoon 396 437 446

Pre-monsoon 541 364 485

Post-monsoon 453 361 476

13.60%3.10%5.40%

4.30% 3.60% 10.10%

2.40% 4.70% 12.40%

3.90% 2.00% 10.70%

4.10% 14.60% 13.70%

16.30% 0.80% 1.90%

1.20% 5.90% 6.70%

6.60%1.70%3.60%

2.90% 3.80% 15.10%

6.80% 5.50% 13.20%

10.80% 10.10% 13.00%

3.70% 8.80% 13.50%

4.40% 7.90% 11.20%

8.80% 2.70% 6.90%

2.00% 0.80% 7.30%

4.50% 1.40% 2.20%

1.60% -1.80% 12.10%

9.40% 10.30% 12.80%

0.00% 4.50% 11.00%

Industrial

S5 Bisrakh Road

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S16 Dujana

S17 Dujana

Badhpura

S18 Badalpur

S13 Achheja

S14 Dujana

S15 Dujana

S10
Khera 

Dharampura

S11 Bishnuli

S12 Achheja

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

Season 2016 2017

Talabpur

S6 Bisrakh Road

Zone

3.80% -2.30% 11.20%

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Sample No.
Water Quality 

Station

6.70% 3.40% 10.40%

5.60% -11.00% 12.40%
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Table - 5.2.1.10 Statistical Summary of TH (in mg/L) in Groundwater samples 

 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

 

Min. 
 

197 
Dairy 

 

Maccha 

 

190 
Dairy 

 

Maccha 

 

213 
Bisrakh 

 

Road 

 

208 
Bisrakh 

 

Road 

 

225 
Bisrakh 

 

Road 

 

201 
Bisrakh 

 

Road 

Max. 1005 Achheja 960 Achheja 674 Dujana 615 Dujana 805 Dujana 496 Dujana 

Mean 443.8 450.3 388.17 367.5 455.5 407.1 

St. Dev. 193.69 193.55 148.91 134.87 156.2 136.5 

 
 
 

The total hardness of groundwater varied from 190 to 1005 mg/L with a mean value 

of 413.9 mg/L in the whole study period. Highest value of total hardness 1005 mg/L 

was found at Achheja water quality station in pre-monsoon sample of the year 2016 

and the minimum 190 mg/L at Dairy Maccha water quality station in post-monsoon 

sample of the year 2016. During 2016, the variation in total hardness in the studied 

samples, was from 190 to 1005 mg/L while, in 2017 it ranged from a minimum of 208 

mg/L to a maximum of 674 mg/L. It was observed that values varied from 201 to 805 

mg/L during 2018. 

 

Total hardness value of analysed water samples in agricultural zone ranged from 228 

mg/L to 466 mg/L. In industrial zone total hardness extended from 201 mg/L to 1005 

mg/L. TH of groundwater in residential area was 190 mg/L to 541 mg/L. A wide 

variation was observed in TH value of groundwater throughout the study period. This 

significant variation in TH was due to different land use pattern of study area. 

Naturally  TH  of  groundwater  is  caused  from  the  dissolution  of  calcium  and 

magnesium ions from the sedimentary rocks. Leachates also contribute to the TH of 

groundwater. The mean value of TH was 14.08 mg/L, 456.91 mg/L and 363.29 mg/L 

in agricultural, industrial and residential zone respectively. The maximum mean value 

of TH in industrial zone showed the effect of industrial leachate on groundwater 

hardness. 

 
Percent change from pre-monsoon to post-monsoon shows that TH value decreased in 

post-monsoon samples except few water quality stations in year 2017. These water 

quality stations were in agricultural zone of study area. Higher dissolution of calcium 

and magnesium with seepage and runoff from soil was the source of hardness in 
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groundwater. It was also observed that maximum dilution in post-monsoon samples 

occured in year 2018. 

Few samples in year 2016, 2018 showed high value on histogram, as reflected by their 

location on the right side of plot (Fig. 5.2.1.21, 5.2.1.22, 5.2.1.23). These high values 

were also evidenced by outliers in quantile plot (Fig. 5.2.1.24). These values were 

separated from the rest of the samples, and do not appear as a part of continuous 

distribution. Majority of samples were located on left side of distribution plot. In year 

2016 & 2017, mean value was higher than median value. High TH value in samples 

collected from industrial zone was also explained from spatial distribution plot of TH 

of groundwater samples in study area (Fig. 5.2.1.25). 

BIS recommended the limit of TH for drinking purpose to be 200 mg/L and the 

permissible BIS limit for hardness is 600 mg/L in the absence of any other alternative 

source. About 98.5% of samples were above the acceptable limit of TH given by BIS 

while 12.12% of samples exceeded the permissible limit of TH. The samples which 

exceeded the permissible limit were collected from the water quality stations of 

Bisrakh road, Achheja, Dujana and Badalpur in industrial zone. Rezaei & Hassani 

(2018) reported TH value 15.56 mg/L to 441 mg/L in groundwater samples of Isfahan 

province in Iran. Similar types of results were obtained by Srinivas et al., (2002); 

Prakash and Somashekhar (2006) and Pavendan et al., (2011). 

  

Fig. 5.2.1.21 Empirical probability distribution 

of TH in Groundwater samples (in year 2016) 

Fig. 5.2.1.22 Empirical probability distribution of 

TH in Groundwater samples (in year 2017) 
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Fig. 5.2.1.23 Empirical probability distribution of TH in Groundwater samples (in year 2018) 

 

 

Fig. 5.2.1.24 Spatial distribution of TH in Groundwater samples of study area during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.25 Spatial distribution of TH in Groundwater samples of study Area during study 

period (2016-2018) 
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5.2.1.6. Calcium 

Calcium is present in natural water bodies in sufficient amount. It occurs in 

groundwater due to interaction of water and mineral present in the rock. The quantity 

of calcium in natural water depends upon the type of rock. It may vary from 10 to 100 

mg/L. Calcium contributes to hardness of water and produce scaling. It is generally 

deposites in water distribution pipes and reduces the corrosion. The natural 

concentration of calcium in groundwater can be influenced by industrial waste. 

Calcium ion has a strong affinity to get adsorb on soil particles. Its quanity in natural 

water depends upon the occurrence of other ions. Cation exchange process influences 

calcium content of natural water. Sodium ions get exchange with calcium ion during 

the percolation of water (natural softening of water). At higher pH, calcium is 

precipitated as CaCO3 leading to the lesser concentration of calcium ions. Calcium is 

an important nutrient required by various organisms.  

Fortunately, calcium content of drinking water has no negative health impacts on 

human beings up to level of 1800 mg/L. Infact, person consuming water containing 

certain amount of calcium is likely to have less chance of heart trouble or cardiac 

disorders. But calcium concentrations above 75 mg/L, cause encrustation on water 

supply therefore BIS has set a desirable value of calcium as 75 mg/L in drinking 

water, whereas its permissible limit has been given as 200 mg/L in the absence of 

alternative water source. 

The calcium trend in pre-monsoon and post-monsoon samples of study area in three 

consecutive years (2016-2018) is given in Table - 5.2.1.11 and 5.2.1.12. 

Calcium concentration in groundwater of study area was recorded from 9.62 mg/L to 

214.88 mg/L during study period. During 2016 the variation in calcium in the 

groundwater was from 9.62 – 214.88 mg/L while, in 2017 it varied from a minimum 

of 11.70 mg/L to a maximum of 141.50 mg/L. It was observed that values ranged 

from 12.21 to 167.4 mg/L during 2018. In year 2016 it was found maximum at 

Achheja water quality station and minimum at Dairy Maccha water quality station 

with a mean of 67.28 mg/L and in year 2017, the minimum calcium content was 

observed at Dhoom Manikpur site and maximum at Dujana site with a mean of 57.37 

mg/L. In 2018 it was found maximum at Dujana site and minimum at Dhoom 

Manikpur site with a mean of 64.41 mg/L.  
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Table - 5.2.1.11 Seasonal Variation in Calcium concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 
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Table-5.12 Statistical Summary of Calcium (in mg/L) in Groundwater Samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 9.62 
Dairy 

Maccha 
12.78 

Dairy 

Maccha 
13.6 

Dhoom 

Manikpur 
11.70 

Dhoom 

Manikpur 
14.04 

Dhoom 

Manikpur 
12.21 

Dhoom 

Manikpur 

Max. 214.88 Achheja 204.14 Achheja 141.5 Dujana 130.76 
Bisrakh 

Road 
167.4 Dujana 143.9 

Bisrakh 

Road 

Mean 69.44 65.13 58.62 56.12 68 60.83 

St. Dev. 62.58 58.04 51.06 47.47 57.72 51.82 

 

From the Table – 5.2.1.11, it is observed that in agricultural zone, calcium 

concentration varied from 19.0 to 41.45 mg/L with a mean value of 28.96 mg/L. In 

industrial zone, calcium content in groundwater was recorded from 15.13 to 214.88 

mg/L with mean value of 80.06 mg/L. The amount of calcium in residential zone 

ranged between 9.62 to 130 mg/L providing a mean value of 37.45 mg/L. The mean 

value of calcium in industrial zone is higher than the acceptable limit of calcium given 

by BIS. The higher calcium content in groundwater of industrial zone indicates the 

percolation of leachate into ground aquifers. It is observed that higher calcium values 

at sites of residential zone may be due to the addition of calcium salts from detergents 

and soaps carried through domestic wastes. 

Percent change in calcium content of groundwater samples from pre-monsoon to post-

monsoon season showed lowering in calcium content except in few samples. Calcium 

content of sample S3 and S20 increased in post-monsoon season of year 2017 and 

2016 respectively.   

The empirical probability distribution plots of calcium in analysed samples collected 

from study area during three consecutive year (2016, 2017 & 2018) are given in Fig. 

5.2.1.26, 5.2.1.27, & 5.2.1.28. Distribution plots depicts that most of the analysed 

samples have calcium content lesser than 50 mg/L. From the box – whisker plot it is 

clear that the data was asymmetrically distributed during study period (Fig. 5.2.1.29). 

Spatial distribution of calcium of groundwater in study area is given in Fig. 5.2.1.30. 

Darker points in contour graphs indicates the high concentration of calcium in 

groundwater samples at that places. 

About 63.6% of analysed samples have calcium concentration well below the 

acceptable limit of BIS for drinking water. Nearly 34.9% of samples were above the 
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acceptable limit but below the permissible limit and hence can be used for drinking 

after purification. Tay, (2004) noted calcium concentration in range of 19.2 mg/L to 

361 mg/L with the mean of 107.5 mg/L in ground water. Sharma, (2014) studied 

ground water quality in Muktsar, Punjab and reported that amount of calcium in 

ground water varied from 66 mg/L to 318 mg/L. Rezaei & Hassani, (2018) reported a 

range of 0.81 355 mg/L calcium content in groundwater samples of Isfahan province 

in Iran. 

  

Fig. 5.2.1.26 Empirical probability distribution of 

Calcium concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.1.27 Empirical probability distribution of 

Calcium concentration in Groundwater samples 

(in year 2017) 

 

 

Fig. 5.2.1.28 Empirical probability distribution of Calcium concentration in Groundwater 

samples (in year 2018) 
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Fig. 5.2.1.29 Box and Whisker plot of calcium concentration in Groundwater samples during 

study period (2016-2018) 

  



                                                  Drinking Suitability of Groundwater 

123 | P a g e  
 

 

  

2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.30 Spatial distribution of Calcium in Groundwater samples of study Area during study 

period (2016-2018) 
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5.2.1.7 Magnesium 

Magnesium has no toxic effects on human beings at the concentration which is 

generally found in unpolluted waters. But magnesium along with sulphate in drinking 

water is laxative to human beings. Drinking water with magnesium concentration 

above 500 mg/L has unpleasant taste. Like calcium ions, magnesium is naturally 

present in ground and surface water. The content of magnesium ions in surface water 

is, as a rule, considerably lower than the concentration of calcium ions. Salts of 

magnesium may also be present in municipal waste and industrial effluents. 

Magnesium concentration also depends upon the presence of other cations. In 

between the soil layers, water naturally becomes soft due to the excanhge of 

magnesium with sodium. It is necessary to know the magnesium hardness or the 

amount of magnesium ion in order to calculate the lime requirement in lime ash 

softening.  

The results of the water quality analysis with respect to magnesium of all the twenty-

two sampling stations of the study area are shown in Table - 5.2.1.13 and 5.2.1.14. 

The concentration of magnesium varied from 32.63 to 117.5 mg/L with the mean 

value of 62.52 mg/L during the study period. Minimum value of 32.63 mg/L was 

recorded from Dujana water quality station in post-monsoon sample of year 2017 and 

maximum value of 117.5 mg/L was recorded from Dhoom Manikpur water quality 

station in pre-monsoon sample of year 2018. During 2016 the variation in magnesium 

of groundwater was from 36.47 – 116.8 mg/L while, in 2017 it ranged from a 

minimum of 32.63 mg/L to a maximum of 116.6 mg/L. It was observed that values 

ranged from 36.71 to 117.5 mg/L during 2018. In year 2016 it was found maximum at 

Bisrakh water quality station and in year 2017 the minimum magnesiun concentration 

was observed at Dujana water quality station and maximum at Dhoom Manikpur with 

a mean of 57.44 ± 19.66 mg/L. In 2018 it was found maximum at Dhoom Manikpur 

site and minimum at Bisrakh Road water quality station with a mean of 65.93 ± 20.13 

mg/L.  
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Table - 5.2.1.13 Seasonal Variation in Magnesium concentration (in mg/L) of 

Groundwater samples during year 2016, 2017 & 2018  
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Table - 5.2.1.14 Statistical Summary of Magnesium (in mg/L) in Groundwater Samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 38.51 
Bisrakh 

Road 
36.47 

Bisrakh 

Road 
33.36 Dujana 32.63 Dujana 40.65 

Bisrakh 

Road 
36.71 

Bisrakh 

Road 

Max. 116.8 
Bisrakh 

Road 
111.8 

Bisrakh 

Road 
116.60 

Dhoom 

Manikpur 
99.56 

Dhoom 

Manikpur 
117.47 

Dhoom 

Manikpur 
101.36 

Dhoom 

Manikpur 

Mean 65.89 62.49 58.93 56.12 69.65 62.21 

St. Dev. 22.84 21.76 21.44 18.07 21.32 18.612 

 

On the basis of land use pattern in current study area, magnesium concentration in 

groundwater has significant variations. In agricultural zone magnesium concentration 

ranged from 39.46 to 95.2 mg/L with a mean value of 58.97 mg/L. Magnesium 

analysis of groundwater of industrial zone gave a minimum value of 32.63 mg/L and 

a maximum value of 116.8 mg/L with a mean value of 62.61 mg/L. The magnesium 

concentration in residential zone ranged between 36.64 and 117.47 mg/L providing a 

mean value of 65.75 mg/L (Table – 5.2.1.13).  

The study did not show any significant seasonal variation in magnesium content of 

groundwater. However percent change of magnesium from pre-monsoon to post-

monsoon season revealed the overall decrease in magnesium content of groundwater 

except at few places. Water quality stations at Bisrakh Road in year 2016 & 2017 and 

Badhpura in year 2017 showed increase in magnesium content in post-monsoon 

samples. Kumar et al., (2016) also reported decrease in magnesium content in 

groundwater of Lucknow after monsoon. Similarly seasonal variation in magnesium 

content of groundwater was also reported by many researchers like Vasanthavigar, 

(2010); Ezekwe et al., (2012); Magesh & Chandrasekar, (2013); Singh & Singh, 

(2018). 

The empirical probability distribution plots of magnesium in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) are 

given in Fig. 5.2.1.31, 5.2.1.32 and 5.2.1.33 respectively. Most of the samples were 

located in the range of 40 – 60 mg/L of magnesium. Box and Whisker plot was also 

drawn to know the distributional characterstics of magnesium values of groundwater 

during study period (Fig. 5.2.1.34). Many outliers were present in quantile diagram of 
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magnesium. Mean value of magnesium content was higher than median throughout 

study period. Magnesium spatial distribution map of groundwater in study area is 

given in Fig. 5.2.1.35. Dark patches representing high magnesium content of 

groundwater were present in agricultural zone and residential zone of study area. 

BIS gives 30 mg/L as an acceptable limit and 100 mg/L as permissible limit for 

magnesium in potable water. At all the water quality stations magnesium content of 

groundwater exceeded the acceptable limit of BIS (30 mg/L) for magnesium in 

drinking water. Nearly 6.82% of analysed samples have magnesium content higher 

than 100 mg/L. These samples were collected from Bisrakh Road, Khera 

Dharampura, Achheja and Dhoom Manikpur water quality stations. The high content 

of magnesium in groundwater can be attributed to the dissolution of minerals like 

calcite, gypsum and dolomite (Rao, 1997). Singh et al., (2011) reported a range of 18 

to 137 mg/L for magnesium content in groundwater of Noida region in Gautam Budh 

Nagar district. Singh & Hussian, (2016) analysed the groundwater samples of Greater 

Noida sub-basin and reported that magnesium content of groundwater was 7.5 to 

120.5 mg/L. They also documented that only 25% of analysed samples were within 

the prescribed acceptable limit of magnesium given by BIS.  

  

Fig. 5.2.1.31 Empirical probability distribution 

of Magnesium concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.32 Empirical probability distribution 

of Magnesium concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.1.33 Empirical probability distribution of Magnesium concentration in Groundwater 

samples (in year 2018) 

 

Fig. 5.2.1.34 Box and Whisker plot of Magnesium concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.35 Spatial distribution of Magnesium in Groundwater samples during study period 

(2016-2018) 
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5.2.1.8 Sodium 

Sodium has a vital role in all aquatic bodies and is a critical element to be considered 

while assessing water suitability for irrigation. It is one of the most abundant elements 

available in nature though never in its elemental state. Its salts are highly soluble 

hence present in most natural waters. Sea water is especially rich in this element. 

Sodium is an important element, which harms human physiology if present in high 

concentration. Because of this reason seawater is unsuitable for most of the human 

requirements such as drinking, domestic, irrigation or industrial uses.  

The results of the water quality analysis with respect to sodium at all the twenty-two 

water quality stations of the study area are shown in Table - 5.2.1.15 and 5.2.1.16. 

The concentration of sodium ranged from 6.12 to 356.1 mg/L with the mean value of 

120.2 mg/L during study period. Minimum value of 6.12 mg/L was obtained from 

Sadopur water quality station in post-monsoon sample of year 2018 and maximum 

value of 356.1 mg/L was recorded from Achheja water quality station in pre-monsoon 

sample of year 2016. During 2016 the variation in sodium in groundwater was from 

8.39 to 356.1 mg/L with a mean value of 127.67 ± 97.67 while, in 2017 it varied from 

a minimum of 6.42 mg/L to a maximum of 234.0 mg/L. It was observed that values 

ranged from 6.12 to 295.9 mg/L during 2018. In year 2016 it was found maximum at 

Achheja water quality station and in year 2017 the minimum sodium concentration 

was observed at Sadopur water quality station and maximum at Dujana with a mean 

of 113.88 ± 75.44 mg/L. In 2018 it was found maximum at Dujana site and minimum 

at Sadopur water quality station with a mean of 119 ± 86.6 mg/L. 

In agricultural zone, sodium content varied from 24.85 to 109.8 mg/L with a mean 

value of 55.10 mg/L. The sodium concentration in industrial zone ranged between 

11.2 and 356.1 mg/L providing a mean of 134.99 mg/L. Residential zone of study 

area also has a wide range of sodium concentration with a minimum value of 6.12 

mg/L and a maximum value of 310 mg/L. In residential zone, Badhpura water quality 

station has maximum content of sodium in groundwater reflecting impact of domestic 

waste water.  
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Table - 5.2.1.15 Seasonal Variation in Sodium concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 101.80 109.80 95.61

Post-monsoon 89.96 74.30 82.81

Pre-monsoon 55.08 63.88 57.24

Post-monsoon 50.17 55.96 47.80

Pre-monsoon 40.83 65.06 39.14

Post-monsoon 36.61 38.24 34.01

Pre-monsoon 29.42 29.31 38.76

Post-monsoon 28.13 24.85 33.61

Pre-monsoon 35.16 39.16 32.12

Post-monsoon 33.16 36.87 26.84

Pre-monsoon 180.40 165.00 201.80

Post-monsoon 170.20 158.60 178.60

Pre-monsoon 140.70 117.80 118.50

Post-monsoon 136.20 113.80 105.20

Pre-monsoon 43.26 49.63 37.44

Post-monsoon 41.39 36.52 32.75

Pre-monsoon 27.75 31.32 28.32

Post-monsoon 25.92 26.38 24.84

Pre-monsoon 50.80 31.19 49.27

Post-monsoon 40.97 31.08 42.24

Pre-monsoon 122.40 129.60 78.30

Post-monsoon 103.40 121.70 67.12

Pre-monsoon 356.10 210.00 223.50

Post-monsoon 335.20 204.10 215.30

Pre-monsoon 217.70 198.00 213.90

Post-monsoon 208.60 177.90 187.60

Pre-monsoon 17.45 14.61 20.10

Post-monsoon 14.07 11.20 17.35

Pre-monsoon 235.40 173.30 215.90

Post-monsoon 223.90 171.60 191.80

Pre-monsoon 235.70 234.00 295.90

Post-monsoon 230.60 225.30 254.70

Pre-monsoon 213.60 184.80 212.60

Post-monsoon 210.20 182.40 195.00

Pre-monsoon 235.80 210.00 248.00

Post-monsoon 231.70 205.80 215.10

Pre-monsoon 8.52 6.93 6.83

Post-monsoon 8.39 6.42 6.12

Pre-monsoon 150.30 148.80 156.50

Post-monsoon 115.77 139.90 132.70

Pre-monsoon 128.54 176.60 181.56

Post-monsoon 106.45 159.80 156.85

Pre-monsoon 310.00 209.40 232.50

Post-monsoon 240.00 210.00 205.50
22.58%

5.98%

9.51%

-0.29%

15.21%

13.61%

11.61%

1.48% 7.36% 10.41%

22.97%

17.19%

1.59% 1.30% 8.28%

1.74% 2.00% 13.27%

4.89% 0.98% 11.16%

2.16% 3.72% 13.92%

4.18% 10.15% 12.30%

19.37% 23.34% 13.68%

15.52% 6.10% 14.28%

5.87% 2.81% 3.67%

6.59% 15.77% 12.29%

19.35% 0.35% 14.27%

3.20% 3.40% 11.22%

4.32% 26.42% 12.53%

5.69% 5.85% 16.44%

5.65% 3.88% 11.50%

10.34% 41.22% 13.11%

4.38% 15.22% 13.29%

11.63% 32.33% 13.39%

8.91% 12.40% 16.49%

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

S12 Achheja

S13 Achheja

S14 Dujana

S15 Dujana

S16 Dujana

S17 Dujana

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22



                                                  Drinking Suitability of Groundwater 

132 | P a g e  
 

Table - 5.2.1.16 Statistical Summary of Sodium (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 8.52 Sadopur 8.39 Sadopur  6.93 Sadopur 6.42 Sadopur 6.83 Sadopur 6.12 Sadopur 

Max. 356.1 Achheja 335.2 Achheja 234 Dujana  225.3 Dujana 295.9 Dujana 254.7 Dujana 

Mean 133.49 121.86 118.10 109.67 126.54 111.54 

St. Dev. 102.28 94.88 76.22 76.19 92.144 82.137 

 

Higher value of sodium was noted in pre-monsoon samples and decreases in post-

monsoon samples. The lower value of sodium in post-monsoon samples is due to 

recharging of ground aquifers through precipitation. Percent change of sodium from 

pre-monsoon to post-monsoon season reveals the overall decrease in sodium content 

of groundwater except at few places. Water quality station at Badhpura in year 2017 

show increase in sodium content in post-monsoon sample. Similar type of seasonal 

variation was recorded by Kumar et al., (2007) in groundwater of Patiala district of 

Punjab. Lal et al., (2014) reported a sodium concentration range of 51-794 mg/L with 

mean value of 342 mg/L in groundwater of Bhachau - Kachchh, Gujarat. Effect of 

seasonal variation on sodium content of groundwater is significant in nature. Mineral 

dissolution, water-rock interaction, agricultural run-off and sewage effluents enhance 

the sodium content of groundwater (Sharma & Chhipa, 2016). Sodium levels of 

ground water can also be increased due to chemicals used for water treatment i.e. 

sodium fluoride, sodium hypochlorite, sodium bicarbonate etc. 

The empirical probability distribution plot of sodium content in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) is given 

in Fig. 5.2.1.36, 5.2.1.37 and 5.2.1.38 respectively. Box and Whisker plot of sodium 

in analysed samples showed that data distribution was symmetrical upto a great extent 

(Fig. 5.2.1.39). Spatial distribution of sodium of groundwater in study area is given in 

Fig. 5.2.1.40. Distribution map showed high content of sodium in groundwater of 

industrial area. 

BIS has not given any standard concentration for sodium in drinking water. For 

irrigation water, BIS has recommended the value of sodium percent as 60 and sodium 

absorption ratio as 10. The WHO has prescribed a taste threshold value of 200 mg/L 

of sodium for potable water. The taste threshold value of sodium in drinking water 
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depends on the associated anion and the temperature of the aqueous solution. Out of 

total analysed samples, about 25.8% of samples exceeded the taste threshold value of 

sodium. These samples were majorly collected from the industrial zone of study area. 

Only Badhpura water quality station of residential zone has elevated concentration of 

sodium. The results of analysis indicate that sodium concentration of groundwater of 

study area was greatly affected by the industrial effluents. Singh & Hussian, (2016) 

concluded a range of 2.5 to 995.5 mg/L of sodium in groundwater of Greater Noida 

sub-basin of Uttar Pradesh. Jampani et al., (2018) also analysed the groundwater of 

Kachiwani Singaram of the Musi river basin adjacent to Hyderabad city and outlined 

the sodium content of groundwater from 35 to 379 mg/L. 

  

Fig. 5.2.1.36 Empirical probability distribution of 

Sodium concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.1.37 Empirical probability distribution 

of Sodium concentration in Groundwater 

samples (in year 2017) 

 

Fig. 5.2.1.38 Empirical probability distribution of Sodium concentration in Groundwater 

samples (in year 2018) 



                                                  Drinking Suitability of Groundwater 

134 | P a g e  
 

 

Fig. 5.2.1.39 Box and Whisker plot of Sodium concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.40 Spatial distribution of Sodium in Groundwater samples during study period 

 (2016-2018) 
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5.2.1.9 Potassium 

Potassium is an important element present in water and acts as a key factor in the 

metabolism of aquatic ecosystem. It also acts as an enzyme activator in living 

organisms. It is one of the principal ions involved, to assess the quality of water. 

Potassium ranks seventh in the order of abundance among elements required as a 

cofactor for as many as over forty enzymes and it has an important role in stomatal 

movement. It also maintains electroneutrality in plant cells. Potassium content of 

groundwater remains quite low than that of other major cations. Naturally potassium 

enters to ground aquifers due to weathering of the rocks but the concentration 

increases due to the addition of polluted water rich in potassium. Potassium also 

enters the exchange equilibrium of the absorbed cation. In small quantity, potassium 

has no adverse impact on human health but when present in large quantities it may act 

as laxative.  

Potassium is an important cation occurring in all kinds of water. Sodium and 

potassium are closely related to each other. The presence of potassium is less wide 

spread in nature for which it is found at low concentration than sodium.  Potassium 

occurs in rain water upto 0.1 mg/L and up to a few ppm in surface waters. High value 

of potassium indicates man-made pollution.  

The results of the water quality analysis with respect to potassium at all the twenty-

two water quality stations of the study area are shown in Table - 5.2.1.17 and 5.2.1.18. 

In the current study the potassium content in groundwater varied from 3.26 to 62.5 

mg/L with a mean value of 23.69 mg/L. The minimum value of 3.26 mg/L was 

recorded from post-monsoon samples of Dairy Maccha water quality station in year 

2016 whereas the maximum value of 62.5 mg/L was recorded from pre-monsoon 

samples of Badhpura water quality station in the same year. In year 2016, the sample 

collected in pre-monsoon season from Badhpura water quality station showed a peak 

value (62.5 mg/L) of potassium and minimum value of 3.26 mg/L of potassium was 

shown by groundwater samples of Dairy Maccha water quality station, with a mean 

value of 24.97 ± 17.92 mg/L. In year 2017 groundwater samples showed a rise in the 

minimum value of potassium. The range of potassium in year 2017 was 4.48 to 51.0 

mg/L with a mean value of 21.29 ± 16.37 mg/L. The minimum concentration of 
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potassium was at Sadopur and maximum was at Badalpur water quality station. In 

year 2018, highest potassium was at Badalpur water quality station (54.49 mg/L) and 

lowest at Sadopur water quality station (5.19 mg/L). In whole study period Badalpur 

water quality station always showed elevated concentration of potassium in 

groundwater. 

Table - 5.2.1.17 Seasonal Variation in Potassium concentration (in mg/L) of Groundwater 

samples during year 2016, 2017 & 2018 

 

Pre-monsoon 18.67 11.27 20.62

Post-monsoon 18.17 14.72 18.44

Pre-monsoon 7.82 6.28 6.88

Post-monsoon 8.15 6.16 6.14

Pre-monsoon 10.87 6.68 11.84

Post-monsoon 10.16 10.36 11.20

Pre-monsoon 19.01 17.34 32.98

Post-monsoon 18.13 18.74 29.28

Pre-monsoon 5.95 5.43 8.73

Post-monsoon 5.71 5.37 8.29

Pre-monsoon 34.97 32 37.94

Post-monsoon 33.78 30.07 32.89

Pre-monsoon 38.48 32.3 34.75

Post-monsoon 37.09 32.13 32.86

Pre-monsoon 15.06 7.6 18.10

Post-monsoon 14.87 14.82 17.57

Pre-monsoon 16.84 6.41 11.48

Post-monsoon 16.24 6.398 10.10

Pre-monsoon 11.41 9.5 13.12

Post-monsoon 10.57 9.19 12.51

Pre-monsoon 10.86 7.22 18.05

Post-monsoon 10.12 7.19 17.70

Pre-monsoon 48.43 27.9 31.45

Post-monsoon 46.10 27.49 31.33

Pre-monsoon 35.89 32.78 35.64

Post-monsoon 33.54 30.38 32.12

Pre-monsoon 10.17 5.98 11.92

Post-monsoon 9.46 5.842 11.73

Pre-monsoon 58.27 47.13 48.23

Post-monsoon 52.39 42.3 41.49

Pre-monsoon 44.35 45 54.15

Post-monsoon 42.88 41.8 46.12

Pre-monsoon 48.34 49.1 51.60

Post-monsoon 46.72 47.18 42.89

Pre-monsoon 49.18 51 54.49

Post-monsoon 44.23 47.45 47.22

Pre-monsoon 6.23 4.97 5.29

Post-monsoon 6.21 4.478 5.19

Pre-monsoon 6.52 6.96 7.86

Post-monsoon 3.26 6.65 7.66

Pre-monsoon 9.79 12.65 13.45

Post-monsoon 9.89 10.15 11.59

Pre-monsoon 62.50 45.45 53.68

Post-monsoon 51.20 46.85 35.50
18.08% -3.08% 33.87%

10.07% 6.96% 13.34%

4.45%50.00% 2.55%

-1.02% 19.76% 13.83%

3.91%3.35% 16.88%

0.27% 9.90% 1.91%

10.25%10.09%

3.31%

1.59%

13.97%

14.83%7.11%

6.55% 7.32% 9.88%

7.05% 2.31%

6.81% 0.42% 1.94%

4.81% 1.47% 0.38%

3.56% 0.19% 12.02%

7.36% 3.26% 4.65%

-95.00%

3.61% 0.53%

1.26% 2.93%

5.44%

3.40%

1.10% 5.04%

6.03% 13.31%

6.53% -55.09% 5.41%

4.63%

3.98%

-8.07% 11.22%

2.68% -30.61% 10.57%

-4.21% 1.91% 10.84%

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table - 5.2.1.18 Statistical Summary of Potassium (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 5.95 
Bisrakh 

Road 
3.26 

Dairy 

Maccha 
4.97 Sadopur 4.48 Sadopur 5.29 Sadopur 5.19 Sadopur 

Max. 62.5 Badhpura 52.39 Dujana 51.0 Badalpur 47.45 Badalpur 54.49 Badalpur 47.22 Badalpur 

Mean 25.89 24.04 21.41 21.17 26.47 23.173 

St. Dev. 18.99 17.17 17.20 15.89 17.478 14.152 

 

When agricultural zone was taken into consideration, the minimum and maximum 

values for potassium cocentration were 6.14 (in post-monsoon sample of 2018 from 

Duryai) and 32.98 mg/L (in pre-monsoon sample of 2018 from Talabpur) with a mean 

value of 14.16 mg/L whereas in industrial zone, potassium concentration ranged 

between 5.37 (in post-monsoon sample of 2017 from Bisrakh Road) and 58.27 mg/L 

(in pre-monsoon sample of 2016 from Dujana). Residential zone of study area also 

has a wide range of potassium concentration with a minimum value of 3.26 mg/L and 

a maximum value of 62.5 mg/L. The mean value of potassium in three different zone 

was in order; Industrial (28.02 mg/L) > Residential (18.08 mg/L) > Agricultural 

(14.16 mg/L). The results indicate the addition of potassium containing industrial 

wastes into ground aquifers. Similar types of results were also reported by many 

researchers (Kumar et al., 2007; Ranjana, 2010; Jampani et al., 2018).  

Percent change of potassium from pre-monsoon to post-monsoon season reveals that 

there was a significant effect of precipitation on potassium concentration of 

groundwater. In year 2016 and 2018, a decrease in potassium content of groundwater 

was observed in post-monsoon samples. But in year 2017, potassium concentration 

increase in post-monsoon samples. This exceptional increase is due to leaching of 

potassium rich water through soil layers.  

The empirical probability distribution plot of potassium in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) is given 

in Fig. 5.2.1.41, 5.2.1.42 and 5.2.1.43 respectively. Box and Whisker plot was also 

drawn to know the distributional characterstics of potassium values of groundwater 

during study period (Fig. 5.2.1.44). Spatial distribution of potassium in analysed 

groundwater samples is given in Fig. 5.2.1.45. Analysis of various plots revealed that 
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most of the samples have potassium concentration below 20 mg/L. High content of 

potassium was obtained from samples of industrial zone. 

 

BIS and WHO does not give any health based guideline value for potassium because 

it is an essential metal for humans. The daily human requirement of potassium is 

greater than 3000 mg. Even after the treatment of water with potassium permanganate 

in the municipal supply, its concentration is far below to have any significant health 

impacts.  In  some  countries,  the  softening  of  water  is  done  by  using  potassium 

chloride (Wist et al., 2009). This results into a slight increase in the concentration of 

potassium in water. The consumption of this potassium rich water can affect the health 

of high risks group (i.e.  people  suffering  from  kidney  related  issues,  heart  

problem,  coronary  artery disease etc.). Such individuals are advised not to 

consume water rich in potassium. Lal et al., (2014) analysed the grounwater samples 

of Bhachau taluka in Kachchh district of Gujarat and reported a mean value of 14 

mg/L of potassium. Singh & Hussian (2016) have done a similar type of analysis in 

the vicinity of Greater Noida 

sub-basin. 
 

 

 
 

Fig. 5.2.1.41 Empirical probability distribution 

of Potassium concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.42 Empirical probability distribution of 
 

Potassium concentration in Groundwater samples 
 

(in year 2017) 
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Fig. 5.2.1.43 Empirical probability distribution of Potassium concentration in Groundwater 

samples (in year 2018) 

 

 

 

Fig. 5.2.1.44 Box and Whisker plot of Potassium concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.45 Spatial distribution of Potassium in Groundwater samples during study period (2016-2018) 
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5.2.1.10 Boron 

The mean abundance of boron varied widely in different sphere of environment. It is 

9 ppm in earth’s crust, 18 to 63 ppm in soils, 10 µg/L in streams, and 0.001 to 10 

mg/L in groundwater. Boron is naturally present in groundwater due to weathring of 

borosilicates minerals containing rocks. Boron content of groundwater can be 

increased due to leaching of borax present in industrial effluents of glass, soap and 

detergent manufacturing industries.  

At acidic pH, boron is commonly present in water bodies in the form of boric acid. At 

alkaline pH, it is present in the form of meta-borate anion and near to neutral pH, 

water soluble poly borate anions [B3O3(OH)4
-
, B4O5(OH)4

-
, and B5O6(OH)4

-
] are 

major species. 

Boron is essential for natural growth of plants but high content of boron in irrigation 

water causes boron toxicity. The occurrence of boron in less than 0.1 mg/L 

concentration, is harmless to human health. High concentration of boron (> than 1 

mg/L) is rarely obtained in drinking water. Marine water contains relatively higher 

amount of boron (5 mg/L) in the form of boric acid. Boron is a contributor to the 

buffer capacity of the ocean and other natural waters. 

Boron content of drinking water depends upon the source of water. Generally its 

concentration in drinking water varied from 0.1 to 0.3 mg/L. Intake of large amount 

of boron causes disorders in central nervous system. According to Stokinger, (1981) 5 

to 20 gm of boric acid is fatal for adults and a dose of less than 5 gm is fatal for 

infants. However from a study made by Litovitz, (1988), the range of letal dose of 

boron for adults is 15 to 20 gm and 3 to 6 gm for infants.  

Table - 5.2.1.19 and 5.2.1.20 represents the results of boron analysis. 

The analytical results of boron analysis during study period ranged from 0.191 to 3.14 

mg/L. Its minimum value was obtained from post-monsoon samples of year 2016 at 

Dhoom Manikpur water quality station and maximum value was found in 

groundwater samples of pre-monsoon season of year 2016 at Duryai station with a 

mean value of 1.041 mg/L. WHO gives a guideline value of 2.4 mg/L of boron in safe 

drinking water. BIS put forward an acceptable limit of boron in drinking water 0.5 

mg/L and a permissible limit of 1 mg/L in absence of alternative source of drinking 
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water. Mean concentration of boron in groundwater of study area was below the 

guideline value of WHO but above the acceptable limit of BIS.  

Table - 5.2.1.19 Seasonal Variation in Boron concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

Pre-monsoon 3.140 1.980 2.080

Post-monsoon 2.940 1.750 1.900

Pre-monsoon 1.830 1.560 2.100

Post-monsoon 2.160 2.610 1.860

Pre-monsoon 1.020 0.827 1.072

Post-monsoon 0.928 0.975 0.933

Pre-monsoon 2.670 2.690 2.410

Post-monsoon 2.130 1.910 2.120

Pre-monsoon 1.080 0.931 0.837

Post-monsoon 1.040 0.912 0.829

Pre-monsoon 0.468 0.613 0.642

Post-monsoon 0.389 0.716 0.591

Pre-monsoon 1.340 1.790 1.460

Post-monsoon 1.210 1.140 1.190

Pre-monsoon 1.030 1.460 1.580

Post-monsoon 1.050 1.200 1.430

Pre-monsoon 0.892 1.100 1.150

Post-monsoon 0.785 1.120 1.070

Pre-monsoon 1.120 1.320 0.910

Post-monsoon 1.090 0.970 0.832

Pre-monsoon 0.883 0.812 0.869

Post-monsoon 0.837 0.776 0.756

Pre-monsoon 0.671 0.831 0.689

Post-monsoon 0.742 0.788 0.832

Pre-monsoon 0.654 0.932 1.080

Post-monsoon 0.756 0.872 0.891

Pre-monsoon 0.992 1.150 1.884

Post-monsoon 0.893 1.047 1.639

Pre-monsoon 0.884 0.994 1.050

Post-monsoon 0.796 0.814 0.996

Pre-monsoon 1.100 1.130 1.351

Post-monsoon 1.080 1.040 1.176

Pre-monsoon 0.861 0.913 1.050

Post-monsoon 0.778 0.882 0.902

Pre-monsoon 1.170 0.872 0.911

Post-monsoon 1.070 0.855 0.901

Pre-monsoon 0.324 0.341 0.313

Post-monsoon 0.299 0.340 0.307

Pre-monsoon 0.567 0.412 0.554

Post-monsoon 0.554 0.409 0.541

Pre-monsoon 0.214 0.223 0.312

Post-monsoon 0.191 0.213 0.298

Pre-monsoon 0.320 0.450 0.351

Post-monsoon 0.520 0.260 0.312

10.75% 4.48% 4.49%

-62.50% 42.22% 11.11%

7.72% 0.29% 1.92%

2.29% 0.73% 2.35%

9.64% 3.40% 14.10%

1.95%8.55% 1.10%

10.00% 18.11% 5.14%

1.82% 8.00% 13.00%

-15.60% 6.44% 17.50%

10.00% 9.00% 13.00%

5.21% 4.43% 13.00%

-10.58% 5.17% -20.75%

12.00% -1.82% 6.96%

2.68% 26.52% 8.57%

9.70% 36.31% 18.49%

-1.94% 17.81% 9.49%

3.70% 2.04%

16.88%

0.96%

-16.80% 7.94%

9.00% -17.85% 13.00%

20.22% 29.00% 12.03%

6.37% 11.62% 8.65%

-18.03% -67.31% 11.43%

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table-5.2.1.20 Statistical Summary of Boron (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.214 
Dhoom 

Manikpur 
0.191 

Dhoom 

Manikpur 
0.223 

Dhoom 

Manikpur 
0.213 

Dhoom 

Manikpur 
0.312 

Dhoom 

Manikpur 
0.298 

Dhoom 

Manikpur 

Max. 3.14 Duryai 2.94 Duryai 2.69 Talabpur 2.61 Duryai 2.41 Talabpur 2.12 Talabpur 

Mean 1.06 1.01 1.06 0.98 1.121 1.014 

St. Dev. 0.71 0.64 0.58 0.55 0.593 0.5104 

 

During 2016, boron concentration ranged from 0.191 to 3.14 with a mean of 1.03 ± 

0.67 mg/L. In year 2017, the base value (0.213 mg/L) was obtained from Dhoom 

Manikpur station and maximum value (2.69 mg/L) was obtained from Talabpur 

station. The range of boron, in year 2018 was 0.298 to 2.41 with a mean of 1.067 

mg/L. During study period the maximum mean value was in year 2018.  

In agricultural zone of study area, boron concentration was found from 0.827 mg/L 

(in 2017 at Duryai station) to 3.14 mg/L (in 2016 at Duryai station). In industrial 

zone, it ranged from 0.389 mg/L (In 2016 at Bisrakh Road) to 1.884 mg/L (in 2018 at 

Dujana). Residential zone showed a range of boron concentration 0.191 mg/L to 

0.567 mg/L. The decreasing order of mean value of boron was 1.9 mg/L (agricultural 

zone) > 0.99 mg/L (industrial zone) > 0.359 mg/L (residential zone).  

The empirical probability distribution plots with respect to boron at all the twenty-two 

water quality stations of the study area during study period (2016, 2017 & 2018) are 

shown in Fig. 5.2.1.46, 5.2.1.47 and 5.2.1.48 respectively. Most of the analyzed 

samples were in the range of 0.5 to 1.5 mg/L of boron concentration. Box and 

Whisker plot of boron in groundwater samples collected from study area during three 

consecutive year (2016, 2017 & 2018) is given in Fig. 5.2.1.49. The GIS maps for 

boron of groundwater in study area is presented in Fig. 5.2.1.50. The boron 

concentration of groundwater depends upon the geology of the area and wastewater 

discharge in that area.  

Out of total analysed samples nearly 84% of samples exceeded the acceptable limit 

and 42.42% of samples were beyond the permissible limit of boron given by BIS. 

Kumar et al., (2017) documented a range of groundwater boron conentration from 
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0.239 to 9.304 mg/L in industrial area of Gautam Buddha Nagar in Uttar Pradesh. 

Kumar et al., (2019) reported that 46% of analysed samples of Saharanpur district of 

Uttar Pradesh had boron content higher than 1 mg/L and 3% of samples exceeded the 

standard value of WHO. Laboratory experiments were done on rats, mice and dogs to 

know the toxicity of boron and results indicate that male reproductive tract is target 

organ of boron toxicity (WHO 2017).  

  

Fig. 5.2.1.46 Empirical probability distribution of 

Boron concentration in Groundwater samples 

 (in year 2016) 

Fig. 5.2.1.47 Empirical probability distribution of 

Boron concentration in Groundwater samples 

 (in year 2017) 

 

 

Fig. 5.2.1.48 Empirical probability distribution of Boron concentration in Groundwater samples 

(in year 2018) 
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Fig. 5.2.1.49 Box and Whisker plot of Boron concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.50 Spatial distribution of Boron in Groundwater samples during study period 

 (2016-2018) 
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5.2.1.11 Total Alkalinity (TA) 

The buffering capacity of water which refers to the quantity and kind of dissolved 

compounds that collectively shift the pH to the alkaline side is known as total 

alkalinity. All cations associated with weak base (bicarbonate, carbonate, organic 

acids) and hydroxyl ions belong to this category. The degree of alkalinity of water is 

measured by the volume of the strong acid solution required to neutralize it. In 

unpolluted natural water, alkalinity is chiefly due to occurrence of bicarbonate of 

alkaline earth metals. The alkalinity of water has little public health significance as it 

is not harmful to human neings, but alkalinity beyond 200 mg/L gives unpleasant taste 

to the water. Alkalinity is significant in many uses of water and for water treatment. 

Alkalinity of water in the presence of excess alkaline earth metal is significant in 

deciding its suitability for irrigation. 

Table – 5.2.1.21 and 5.2.1.22 represents the alkalinity value of groundwater of study 

area. 

Total alkalinity of groundwater of study area was recorded from 87.67 to 683.33 

mg/L with a mean value of 251.18 mg/L. It was recorded maximum in pre-monsoon 

sample of 2016 at Badhpura water quality station and minimum at Bisrakh Road 

water quality station in post-monsoon sample of 2018. BIS put forwards 200 mg/L as 

an acceptable value and 600 mg/L as permissible value of alkalinity in potable water. 

The mean value of total alkalinity (251.18 mg/L) during study period was higher than 

the desirable level of alkalinity given by BIS. During 2016 the variation in total 

alkalinity in the study area was from 99.83 mg/L (in post-monsoon at Bisrakh Road) 

to 683.33 mg/L(in pre-monsoon at Badhpura) while, in 2017 it ranged from a 

minimum of 98.92 mg/L (in post-monsoon of Bisrakh Road) to a maximum of 531.08 

mg/L (in pre-monsoon of Dhoom Manikpur). It was observed that values ranged from 

87.67 mg/L (in post-monsoon of Bisrakh Road) to 621 mg/L (in pre-monsoon of 

Badhpura) during 2018. The mean value of total alkalinity during study period was 

maximum in year 2016 (259.28 ± 130.48 mg/L) and minimum in year 2017 (236.29 ± 

109.32 mg/L). In 2018, its mean value was 257.97 ± 128.22 mg/L. 

Phenolphthalein alkalinity was also recorded in few samples of study area-Bisrakh 

Road, Dujana and Badalpur water quality station. It ranged from 8.73 to 42.71 mg/L 

with a mean value of 18.23 mg/L.  
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Table – 5.2.1.21 Seasonal Variation in Total Alkalinity (in mg/L) of Groundwater samples during 

year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 208.67 193.75 197.00

Post-monsoon 190.33 171.58 170.58

Pre-monsoon 197.83 190.67 196.00

Post-monsoon 179.83 182.25 172.00

Pre-monsoon 204.75 208.08 203.83

Post-monsoon 188.00 192.42 177.67

Pre-monsoon 170.67 154.92 233.67

Post-monsoon 166.75 145.50 204.33

Pre-monsoon 101.33 104.75 100.50

Post-monsoon 99.83 100.08 87.67

Pre-monsoon 267.25 240.83 310.58

Post-monsoon 252.58 238.17 284.08

Pre-monsoon 243.83 202.03 194.43

Post-monsoon 236.22 190.43 169.35

Pre-monsoon 157.42 153.00 150.75

Post-monsoon 153.75 139.67 130.58

Pre-monsoon 110.58 108.00 105.33

Post-monsoon 108.17 98.92 90.42

Pre-monsoon 267.67 230.25 266.25

Post-monsoon 239.92 205.75 227.33

Pre-monsoon 300.92 290.42 279.17

Post-monsoon 284.58 279.75 241.17

Pre-monsoon 483.17 283.33 306.75

Post-monsoon 459.83 278.17 296.50

Pre-monsoon 336.33 305.00 299.50

Post-monsoon 323.92 276.00 265.42

Pre-monsoon 182.83 141.25 227.83

Post-monsoon 165.33 127.00 198.67

Pre-monsoon 346.85 257.82 309.58

Post-monsoon 314.08 233.52 269.00

Pre-monsoon 450.80 456.67 544.00

Post-monsoon 438.08 419.33 474.90

Pre-monsoon 227.97 220.17 238.25

Post-monsoon 220.57 210.68 228.63

Pre-monsoon 252.70 251.67 305.02

Post-monsoon 252.97 251.67 303.10

Pre-monsoon 171.08 145.33 146.33

Post-monsoon 169.67 142.33 130.75

Pre-monsoon 131.33 214.83 237.25

Post-monsoon 124.58 212.13 208.78

Pre-monsoon 398.33 531.08 548.08

Post-monsoon 343.71 456.73 427.22

Pre-monsoon 683.33 500.67 621.00

Post-monsoon 600.00 460.00 571.32

13.71% 14.00% 22.05%

12.20% 8.12% 8.00%

0.83% 2.06% 10.65%

5.14% 1.26% 12.00%

3.25% 4.31% 4.04%

-0.11% 0.00% 0.63%

9.45% 9.43% 13.11%

2.82% 8.18% 12.70%

3.69% 9.51% 11.38%

12.80%10.09%9.57%

5.43% 3.67% 13.61%

3.34%1.82%4.83%

2.19% 8.41% 14.16%

10.37% 10.64% 14.62%

3.12% 5.74% 12.90%

2.33% 8.71% 13.38%

1.48% 4.46% 12.77%

5.49% 1.11% 8.53%

8.18% 7.53% 12.84%

2.29% 6.08% 12.55%

11.44% 13.41%

9.10% 4.41% 12.24%

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Badhpura

8.79%

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana
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Table – 5.2.1.22 Statistical Summary of Total Alkalinity (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 101.33 
Bisrakh 

Road 
99.83 

Bisrakh 

Road 
104.75 

Bisrakh 

Road 
98.92 

Bisrakh 

Road 
100.5 

Bisrakh 

Road 
87.66 

Bisrakh 

Road 

Max. 683.33 Badhpura 600 Badhpura 531.08 
Dhoom 

Manikpur 
460 Badhpura 621 Badhpura 571.32 Badhpura 

Mean 267.98 250.58 244.75 227.82 273.69 242.24 

St. Dev. 138.98 124.05 116.62 103.54 136.886 120.029 

 

In agricultural zone total alkalinity ranged from 145.50 to 233.67 mg/L with a mean 

value of 187.55 mg/L. The total alkalinity in industrial zone ranged between 87.67 

and 544 mg/L providing a mean value of 243.79 mg/L. Residential zone of study area 

also has a wide range of total alkalinity with a minimum value of 124.58 mg/L and a 

maximum value of 683.33 mg/L with a mean of 340.66 mg/L. In residential zone, 

Dairy Maccha station showed minimum alkalinity and Badhpura station showed 

maximum alkalinity in groundwater. The mean value of total alkalinity was maximum 

in residential zone of study area. The increasing order of mean total alkalinity in three 

zones was; agricultural < industrial < residential. 

Percent change in total alkalinity value from pre-monsoon to post-monsoon season 

revealed that dilution of groundwater was prevalent in study area. Similar types of 

results were obtained by many researchers (Ibraheem et al., 2015, Nasir et al., 2017, 

Jampani et al., 2018, Kammoun et al., 2018). Chabukdhara et al., (2017) analysed the 

groundwater quality in the peri-urban and urban industrial clusters of Ghaziabad and 

reported range of total alkalinity from 148 to 820 mg/L (in pre-monsoon season) and 

122 to 717 mg/L (in post-monsoon season). They stated that mean value of total 

alkalinity decreased from 370 mg/L (in pre-monsoon season) to 302 mg/L in post-

monsoon season. 

The empirical probability distribution plots of TA in groundwater samples collected 

from study area during three consecutive year (2016, 2017 & 2018) are given in Fig. 

5.2.1.51, 5.2.1.52 and 5.2.1.53 respectively. Plot showed that maximum number of 

samples have TA value between 100 and 200 mg/L in year 2016, but in year 2017 and 

2018, majority of samples fall in the category of 200 to 300 mg/L of TA. Box and 

Whisker plot was also drawn to know the distributional characterstics of TA values of 
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groundwater during study period (Fig. 5.2.1.54). Spatial distribution map of total 

alkalinity of groundwater in study area also showed relative level of it, at studied 

water quality stations (Fig. 5.2.1.55). 

Although alkalinity of water does not have any health hazards but highly alkaline 

water is not good for health and irrigation purpose. Out of total analysed samples, 

60.6% of samples have total alkalinity above the desirable limit of BIS. Two samples 

collected from Badhpura water quality station in pre-monsoon season of year 2016 & 

2018 exceeded the permissible limit of BIS. Presence of higher alkalinity in 

groundwater indicates anthropogenic source of it (Selvakumar et al., 2017).  

  

Fig. 5.2.1.51 Empirical probability distribution of 

Total Alkalinity in Groundwater samples 

 (in year 2016) 

Fig. 5.2.1.52 Empirical probability distribution of 

Total Alkalinity in Groundwater samples  

(in year 2017) 

 

 

Fig. 5.2.1.53 Empirical probability distribution of Total Alkalinity in Groundwater samples 

 (in year 2018) 
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Fig. 5.2.1.54 Box and Whisker plot of Total Alkalinity in Groundwater samples during study 

period (2016-2018) 

 

 

 

 

 

 

 

 

 



                                                  Drinking Suitability of Groundwater 

153 | P a g e  
 

  

2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.55 Spatial distribution of Total Alkalinity in Groundwater samples during study period 

(2016-2018) 
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5.2.1.12 Chloride 

Appreciable amount of chlorides are present in almost all natural water bodies. The 

range of their concentrations is quite broad and from very dilute to supersaturated 

solutions of soluble and slightly soluble chloride, especially of sodium chloride. 

However, in majority of natural surface water bodies, their concentration is usually 

lesser as compare to other major components. Higher concentration of chloride 

indicates pollution due to organic wastes of animal origin as well as due to industrial 

effluents. The source of chloride content in fresh water may be attributed to input 

from anthropogenic activities.    

The level of chloride in water is an essential factor for the selection of supplies for 

domestic, industrial and agricultural use. Considerable increase in chloride content of 

water may be connected with the pollution from industrial and household sewage. 

Human and animal excreta have high quantity of chlorides along with nitrogenous 

compounds.  

The results of the water quality analysis with respect to chloride at all the twenty-two 

water quality stations of the study area are shown in Table – 5.2.1.23 and 5.2.1.24. 

During study period of three years, chloride content of groundwater of study region 

fluctuated from 9.8 to 442.8 mg/L with a mean value of 135.2 mg/L. Its minimum 

concentration was recorded from Dujana water quality station in pre-monsoon sample 

of year 2017. Achheja water quality station in pre-monsoon season of year 2016 gave 

the maximum value of chloride content. In year 2016, it was found minimum (14.44 

mg/L) at Dujana water quality station in post-monsoon season and maximum (442.8 

mg/L) at Achheja water quality station in pre-monsoon season with a mean of 147.44 

mg/L. During year 2017 & 2018, chloride content of groundwater stretched from 9.80 

to 298 mg/L & 15.81 to 340.2 mg/L respectively. In both years, maximum 

concentration of chloride was obtained from Dujana water quality station. A slight 

increase in mean value of chloride was observed from 2017 to 2018 (124.10 to 134.10 

mg/L). 
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Table – 5.2.1.23 Seasonal Variation in Chloride concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

 

Pre-monsoon 76.04 39.20 82.50

Post-monsoon 73.89 38.72 73.87

Pre-monsoon 45.60 39.20 45.86

Post-monsoon 42.15 41.35 41.80

Pre-monsoon 32.89 19.60 34.83

Post-monsoon 30.91 32.45 31.30

Pre-monsoon 25.65 19.60 35.65

Post-monsoon 25.04 21.60 30.20

Pre-monsoon 32.60 19.60 28.68

Post-monsoon 32.21 21.59 25.43

Pre-monsoon 287.80 265.00 330.50

Post-monsoon 271.80 258.20 286.50

Pre-monsoon 163.80 137.20 138.80

Post-monsoon 159.20 135.20 121.30

Pre-monsoon 35.85 29.40 36.21

Post-monsoon 35.50 31.59 32.80

Pre-monsoon 23.83 19.60 29.12

Post-monsoon 23.46 27.41 25.93

Pre-monsoon 60.10 58.80 60.18

Post-monsoon 49.83 45.28 52.15

Pre-monsoon 78.45 49.00 61.69

Post-monsoon 68.23 48.83 56.71

Pre-monsoon 442.80 260.00 281.50

Post-monsoon 419.70 255.40 274.30

Pre-monsoon 194.80 178.00 193.40

Post-monsoon 188.80 163.40 172.20

Pre-monsoon 15.47 9.80 18.15

Post-monsoon 14.44 9.97 15.81

Pre-monsoon 321.50 278.00 265.70

Post-monsoon 280.70 242.60 228.10

Pre-monsoon 285.50 298.00 340.20

Post-monsoon 274.90 263.20 294.00

Pre-monsoon 252.60 267.00 265.00

Post-monsoon 243.00 253.60 205.60

Pre-monsoon 268.50 294.40 252.10

Post-monsoon 250.40 210.70 219.10

Pre-monsoon 34.89 29.40 29.82

Post-monsoon 33.44 26.14 27.45

Pre-monsoon 180.60 68.60 74.56

Post-monsoon 120.70 65.12 71.89

Pre-monsoon 235.00 284.20 289.35

Post-monsoon 209.60 242.41 249.75

Pre-monsoon 315.00 176.40 251.50

Post-monsoon 230.00 185.65 219.50

13.69%10.81%

-5.24%
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26.98% 12.72%

22.42%

13.09%28.43%
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12.69% 12.73%

12.89%

14.15%

11.68%3.71% 13.58%

2.56%

10.96%

13.34%

8.07%

-1.73%

13.03%

5.22%

3.08%

6.66%

1.77%

0.35%

8.20%

1.55% -39.85%

9.42%

10.95%

17.09% 22.99%

11.33%1.20% -10.15%

2.81%

0.98% -7.45%

2.57%5.56%

1.46% 12.61%

13.31%

6.02% -65.56%

8.85%

10.13%

15.29%2.38% -10.20%

2.83% 1.22% 10.46%

7.57% -5.48%
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S16 Dujana
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S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road
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2018
Percentage change from pre-

monsoon to post-monsoon
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S1 Duryai

S2 Duryai

S3 Duryai
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Water Quality 
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Table – 5.2.1.24 Statistical Summary of Chloride (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 15.47 Dujana 14.44 Dujana 9.80 Dujana 9.97 Dujana 18.15 Dujana 15.81 Dujana 

Max. 442.8 Achheja 419.7 Achheja 298 Dujana 263.2 Dujana 340.2 Dujana 294 Dujana 

Mean 154.97 139.90 129.09 119.11 142.97 125.26 

St. Dev. 128.53 117.12 114.36 100.29 117.74 102.22 

In agricultural zone of study area chloride concentration ranged from 19.6 to 82.5 

mg/L with a mean value of 40.83 mg/L. In industrial zone a minimum value of 9.8 

mg/L (at Dujana water quality station in year 2017) and a maximum value of 442.8 

mg/L (at Achheja water quality station in year 2016) of chloride was observed. In 

residential zone, Sadopur water quality station in year 2017, exhibited a minimum 

value of chloride (26.14 mg/L) and Badhpura water quality station in year 2016, 

showed a maximum value of chloride (315 mg/L). Mean value of chloride was found 

maximum in industrial zone of study area. The decreasing order of mean value of 

chloride in groundwater samples was 157.35 mg/L (industrial zone) > 152.12 mg/L 

(residential zone) > 40.83 mg/L (agricultural zone). Discharge of chloride rich 

industrial effluents and sewage water was responsible for high chloride level in 

groundwater of industrial and residential area. Similar types of results were reported 

by Hasalam, 1991; Ackah et al., 2011 and Tambekar et al., 2012. 

Percent change of chloride concentration from pre-monsoon to post-monsoon samples 

showed net dilution of groundwater except at few places- Duryai, Talabpur, Bisrakh 

Road, Dujana and Badhpura. Out of these Duryai and Bisrakh water quality stations 

showed significant increase in chloride content of groundwater. Duryai station was in 

the agricultural zone of study area. Use of potassium fertilizers (KCl, muriate of 

potash) was very likely seen in this area. Chloride being an anion doesn’t adsorb on 

soil particles and readily moves with water. Hence at this station, percolation of 

chloride rich water during monsoon season increased the chloride content of 

groundwater in post-monsoon samples. Several big and small industries were present 

near the Bisrakh water quality station. Dumping of waste waters from these industries 

increased the chloride content of groundwater. Kumar et al., (2007) reported the 

chloride content of groundwater of Patiala and Muktsar, Punjab in both pre and post-

monsoon season (130.27 to 171.08 mg/L and 178 to 1270.6 mg/L) respectively. Singh 

& Singh, (2018) analysed the groundwater quality of Ballia district of Uttar Pradesh 
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and reported that chloride concentration increased in post-monsoon samples from 

45.35 to 58.15 mg/L. 

The empirical probability distribution plots with respect to chloride at all the twenty-

two water quality stations of the study area during study period (2016, 2017 & 2018) 

are presented in Fig. 5.2.1.56, 5.2.1.57 and 5.2.1.58 respectively. From distribution 

Plot, it is easy to understand that most of the analysed samples were having chloride 

content upto 50 mg/L. A very less number of samples exhibited chloride content 

above 300 mg/L. Box and Whisker plot of chloride in groundwater samples collected 

from study area during three consecutive year (2016, 2017 & 2018) is given in Fig. 

5.2.1.59. Box and Whisker plot shows that there was a big difference in mean and 

median value in all three years. Median value was much lower than mean value. It 

explains that a large number of samples were positioned in lower side of chloride 

range. Spatial distribution map of chloride was also drawn to understand the 

distribution pattern of chloride in groundwater of study area (Fig. 5.2.1.60). 

BIS has set the acceptable limit of 250 mg/L and permissible limit of 1000 mg/L of 

chloride in drinking water. Out of total analysed samples, 25.8% of samples were 

beyond the acceptable limit of BIS for chloride. However all the samples were well 

below the permissible limit of chloride given by BIS. The samples having chloride 

value above the acceptable limit were majorly collected from the industrial zone of 

study area. Dhoom Manikpur and Badhpura water quality station of residential zone 

also showed elevated level of chloride in groundwater. Rezaei & Hassani, (2018) 

documented a range of 9 to 1151.4 mg/L of chloride in groundwater of Isfahan, Iran. 

They also concluded that 18% of samples were above the acceptable limit of BIS for 

chloride.  
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Fig. 5.2.1.56 Empirical probability distribution of 

Chloride concentration in Groundwater samples 

(in year 2016) 

 

Fig. 5.2.1.57 Empirical probability distribution of 

Chloride concentration in Groundwater samples 

(in year 2017) 

 

 

 

Fig. 5.2.1.58 Empirical probability distribution of Chloride concentration in Groundwater samples  

(in year 2018) 
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Fig. 5.2.1.59 Box and Whisker plot of Chloride concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.60 Spatial distribution of Chloride in Groundwater samples during study period  

(2016-2018) 
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5.2.1.13 Fluoride 

Fluoride appears in unpolluted natural water in minute quantity due to interchange of 

ions between water and fluoride containing material. Fluoride content of natural water 

is controlled by the dissolution of fluoride mineral (fluorapatite fluorspar, cryolite 

and) containing rocks and the retention time of water among the rocks. Usually 

fluoride level of natural surface water does not exceed 1 mg/L. The concentration of 

fluoride is high in surface water mostly due to contribution through agricultural 

runoffs where phosphatic fertilizers are used and in some occasions through industrial 

discharges. Fluoride concentration can have beneficial as well as adverse health 

effects depending upon the amount of dosage. In small amount fluoride prevents 

dental caries but if its concentration is higher than 1.5 mg/L it causes dental fluorosis. 

Even in very high concentration (>3 mg/L) it causes skeletal fluorosis, osteosclerosis, 

thyroid, kidney changes and cardiovascular disorders. World Health Organisation’s 

rules for the maximum amount of fluoride concentration in underground water is 1.5 

mg/L. According to Indian standards, the acceptable limit of fluoride concentration is 

1.0 mg/L (BIS 2012). This is because of the harsh climate conditions and continuous 

deficiency of indispensable nutrients like (Vitamin C, E, calcium and antioxidants) in 

rural areas of India. During the whole study period the analytical results of fluoride in 

groundwater samples are given in Table – 5.2.1.25 and 5.2.1.26. 

The range of fluoride in study area was 0.17 to 2.21 mg/L. The mean value of fluoride 

during period of study was 0.59 mg/L which is lesser than acceptable limit of fluoride 

(1 mg/L) in drinking water given by BIS. Its minimum value was analysed in 

groundwater of Badhpura water quality station in pre-monsoon season of year 2017 

while the maximum value was obtained from Achheja water quality station in pre-

monsoon sample of year 2016. The maximum value of fluoride (i.e. 2.21 mg/L) was 

above the permissible limit of fluoride (1.5 mg/L) for potable water (BIS: 10500 

2012). The range of fluoride in 2016, 2017, and 2018 was recorded from 0.19 to 2.21 

mg/L, 0.17 to 1.31 mg/L and 0.18 to 1.6 mg/L respectively. There was not a 

significant change in the mean value of fluoride over the consecutive three years of 

study. The mean value of it in year 2016, 2017 and 2018 was 0.63 ± 0.43, 0.53 ± 0.28 

and 0.6 ± 0.351 mg/L respectively. Badhpura water quality station always showed 

minimum concentration of fluoride in groundwater. In year 2017 and 2018, maximum 
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value was obtained from Achheja station but in year 2018 Dujana station showed the 

maximum concentration of fluoride. 

 Table – 5.2.1.25 Seasonal Variation in Fluoride concentration (in mg/L) of Groundwater 

samples during year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 0.50 0.41 0.43

Post-monsoon 0.42 0.39 0.38

Pre-monsoon 0.31 0.31 0.33

Post-monsoon 0.30 0.31 0.28

Pre-monsoon 0.73 0.53 0.72

Post-monsoon 0.57 0.52 0.63

Pre-monsoon 0.58 0.43 0.68

Post-monsoon 0.53 0.41 0.56

Pre-monsoon 0.43 0.37 0.35

Post-monsoon 0.41 0.36 0.30

Pre-monsoon 0.43 0.41 0.52

Post-monsoon 0.42 0.41 0.49

Pre-monsoon 0.54 0.47 0.46

Post-monsoon 0.50 0.45 0.42

Pre-monsoon 0.46 0.46 0.44

Post-monsoon 0.44 0.42 0.38

Pre-monsoon 0.52 0.50 0.62

Post-monsoon 0.49 0.48 0.58

Pre-monsoon 0.51 0.44 0.51

Post-monsoon 0.47 0.39 0.44

Pre-monsoon 0.33 0.46 0.50

Post-monsoon 0.30 0.45 0.43

Pre-monsoon 2.21 1.31 1.39

Post-monsoon 2.11 1.27 1.34

Pre-monsoon 1.02 0.92 1.12

Post-monsoon 0.94 0.84 0.99

Pre-monsoon 1.39 1.09 1.60

Post-monsoon 1.28 0.89 1.42

Pre-monsoon 0.46 0.35 0.37

Post-monsoon 0.42 0.32 0.35

Pre-monsoon 0.31 0.31 0.35

Post-monsoon 0.29 0.27 0.31

Pre-monsoon 0.51 0.50 0.51

Post-monsoon 0.49 0.47 0.44

Pre-monsoon 0.41 0.43 0.49

Post-monsoon 0.38 0.41 0.44

Pre-monsoon 1.03 0.85 0.87

Post-monsoon 1.01 0.78 0.79

Pre-monsoon 0.64 1.00 1.09

Post-monsoon 0.59 0.96 1.07

Pre-monsoon 0.89 0.26 0.31

Post-monsoon 0.79 0.25 0.26

Pre-monsoon 0.20 0.17 0.28

Post-monsoon 0.19 0.21 0.18
37.21%

15.38%

5.00% -22.81%

1.36% 8.36% 8.65%
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11.24%
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4.38% 8.35% 13.70%
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1.45%
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9.76% 6.03%

16.10% 5.00%
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S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon
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Table – 5.2.1.26 Statistical Summary of Fluoride (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season 
Pre-

monsoon 

Post- 

monsoon 

Pre- 

monsoon 

Post-

monsoon 

Pre- 

monsoon 

Post-

monsoon 

Min. 0.2 Badhpura 0.19 Badhpura 0.17 Badhpura 0.21 Badhpura 0.28 Badhpura 0.18 Badhpura 

Max. 2.21 Achheja 2.11 Achheja 1.31 Achheja 1.27 Achheja 1.60 Dujana 1.42 Dujana 

Mean 0.65 0.61 0.54 0.51 0.63 0.57 

St. Dev. 0.45 0.42 0.29 0.27 0.36 0.3445 

 

After analyzing the results on the basis of different zone, it is found that groundwater 

of agricultural zone was fit for drinking (0.28 to 0.73 mg/L). In residential zone, few 

samples of Sadopur (in year 2016) and Dairy Maccha (in year 2018) have fluoride 

content higher than the acceptable limit of 1.0 mg/L while rest of the analysed 

samples were suitable for drinking. In industrial zone, the value of fluoride varied 

from 0.27 to 2.21 mg/L with a mean value of 0.61 mg/L. Groundwater of achheja and 

Dujana quality stations have fluoride content higher than the 1.0 mg/L. At these 

places in year 2016 & 2018, fluoride content of groundwater was much greater than 

the permissible limit of BIS. The results of analysis indicate that groundwater of 

industrial zone of study area was partially fit for drinking. Nasir et al., (2017) 

investigated the quality of underground water in Faisalabad industrial area and 

recorded a range of ND to 2 mg/L of fluoride. They also documented that fluoride 

concentration is increasing over the period and affecting human health. 

Percent change in fluoride value from pre-monsoon to post-monsoon samples always 

indicates dilution of groundwater due to rainfall. Only one sample collected from 

Badhpura water quality station in year 2017 showed fluoride enrichment in post-

monsoon sample. The reason behind this unusual result was percolation of fluoride 

rich leachate. Similar type of results were also obtained in Ghaziabad region (Mean 

concentration of fluoride in groundwater- 0.82 mg/L in pre-monsoon season & 0.70 

mg/L in post-monsoon season) by Singh et al., 2014.  

Distribution plot of fluoride content in groundwater samples during the study period 

(2016, 2017 & 2018) at all twenty-two water quality stations is presented in Fig. 

5.2.1.61, 5.2.1.62 & 5.2.1.63 respectively. Most of the samples lie in range of 0.4 to 
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0.6 mg/L of fluoride. Box and Whisker plot was also drawn to know the distributional 

characterstics of fluoride values of groundwater during study period. A wide variation 

between mean value and mean value is observed. Spatial distribution map of fluoride 

content of groundwater in study area reveals that in year 2016, fluoride contamination 

was limited to industrial area only but in consecutive years, fluoride contamination 

spreaded to residential zone (Fig. 5.2.1.65).  

On comparing the results of fluoride analysis with the drinking standards of BIS, 

nearly 10.6% of samples have fluoride content higher than the acceptable limit but 

below the permissible limit. These samples can be used for drinking in absence of 

alternative source of drinking water. Only three samples of industrial zone showed 

fluoride concentration above the permissible limit and not fit for drinking. Manjeet et 

al., (2014) reported a range of 0.02 to 6.4 mg/L of fluoride in groundwater of Gurgaon 

city and analysed that 24% of samples were having fluoride content above 1.5 mg/L. 

Several researchers documented the fluoride concentration in groundwater and its 

health effects on humans (Dar et al., 2011; Ravikumar et al., 2011; Li et al., 2014; 

Sunitha et al., 2014). 

  

Fig. 5.2.1.61 Empirical probability distribution 

of Fluoride concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.62 Empirical probability distribution 

of Fluoride concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.1.63 Empirical probability distribution of Fluoride concentration in Groundwater 

samples (in year 2018) 

 

Fig. 5.2.1.64 Box and Whisker plot of Fluoride concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.65 Spatial distribution of Fluoride in Groundwater samples during study period  

(2016-2018) 
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5.2.1.14 Nitrite 

There are no mineral source of nitrite ion in the natural water. Nitrite represents an 

intermediate during nitrification and denitrification reaction in the nitrogen cycle. 

Nitrite is a very unstable ion and appears in the water chiefly as a result of 

biochemical oxidation of ammonia or the reduction of nitrate. In surface water with 

sufficient oxygen and high value of oxidizing reducing potential, process of bio-

chemcial oxidation is predominate. Presence of even a small quantity of nitrite may 

indicate the pollution (including fecal) of the water body and the availability of 

partially oxidized nitrogenous matter as cited by Upadhyay, 1998. Nitrite may also be 

produced in distribution system through the activities of mirco-organism on ammonia 

added during treatment of water (chloramination).  

Results of nitrite analysis in three consecutive years are given in Table – 5.2.1.27 and 

5.2.1.28. During the study period, the range of nitrite content in groundwater of study 

area was 0.09 to 0.35 mg/L with a mean of 0.239 mg/L. Small concentration of nitrite 

ion was obtained in groundwater as it readily oxidized into stable nitrate ion. During 

2016 the variation in nitrite in groundwater was from 0.1 to 0.33 mg/L with a mean 

value of 0.24 ± .07 while, in 2017 it ranged from a minimum of 0.09 mg/L to a 

maximum of 0.35 mg/L. It is observed that values ranged from 0.14 to 0.34 mg/L 

during 2018. In year 2016 it was found maximum at Bisrakh water quality station. In 

year 2017 the minimum nitrite concentration was observed at Dujana water quality 

station and maximum at Bisrakh with a mean of 0.23 ± .07 mg/L. In 2018 it was 

found maximum at Bisrakh site and minimum at Khera Dharampura water quality 

station with a mean of 0.25 ± 0.053 mg/L.  

In agricultural zone, nitrite concentration extended from 0.14 to 0.31mg/L with a 

mean value of 0.23 mg/L. The groundwater nitrite content in industrial zone ranged 

between 0.09 and 0.35 mg/L providing a mean value of 0.23 mg/L. Residential zone 

of study area also has a wide range of nitrite concentration with a minimum value of 

0.24 mg/L and a maximum value of 0.33 mg/L with a mean of 0.29 mg/L. In 

residential zone Sadopur water quality station has maximum nitrite in groundwater. 

The mean value of nitrite was maximum in residential zone of study area. 

Percent change of nitrite concentration of groundwater showed a decrease in post-

monsoon samples as compared to pre-monsoon samples.   
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Table – 5.2.1.27 Seasonal Variation in Nitrite concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

Pre-monsoon 0.21 0.22 0.24

Post-monsoon 0.19 0.21 0.21

Pre-monsoon 0.31 0.26 0.27

Post-monsoon 0.3 0.25 0.25

Pre-monsoon 0.27 0.27 0.23

Post-monsoon 0.26 0.22 0.21

Pre-monsoon 0.17 0.16 0.28

Post-monsoon 0.15 0.14 0.26

Pre-monsoon 0.31 0.35 0.34

Post-monsoon 0.28 0.31 0.31

Pre-monsoon 0.21 0.2 0.21

Post-monsoon 0.19 0.16 0.18

Pre-monsoon 0.31 0.29 0.3

Post-monsoon 0.29 0.26 0.25

Pre-monsoon 0.33 0.3 0.33

Post-monsoon 0.28 0.29 0.29

Pre-monsoon 0.18 0.19 0.23

Post-monsoon 0.17 0.16 0.21

Pre-monsoon 0.13 0.12 0.15

Post-monsoon 0.13 0.11 0.14

Pre-monsoon 0.26 0.25 0.26

Post-monsoon 0.25 0.24 0.25

Pre-monsoon 0.18 0.17 0.21

Post-monsoon 0.16 0.17 0.19

Pre-monsoon 0.22 0.26 0.31

Post-monsoon 0.21 0.23 0.29

Pre-monsoon 0.12 0.12 0.17

Post-monsoon 0.1 0.09 0.15

Pre-monsoon 0.16 0.18 0.21

Post-monsoon 0.14 0.18 0.2

Pre-monsoon 0.23 0.18 0.2

Post-monsoon 0.21 0.17 0.19

Pre-monsoon 0.24 0.27 0.27

Post-monsoon 0.23 0.25 0.26

Pre-monsoon 0.31 0.3 0.32

Post-monsoon 0.3 0.28 0.31

Pre-monsoon 0.32 0.33 0.28

Post-monsoon 0.3 0.31 0.27

Pre-monsoon 0.31 0.3 0.3

Post-monsoon 0.31 0.29 0.28

Pre-monsoon 0.32 0.33 0.31

Post-monsoon 0.32 0.28 0.3

Pre-monsoon 0.25 0.27 0.3

Post-monsoon 0.24 0.24 0.29
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Table – 5.2.1.28 Statistical Summary of Nitrite (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.12 Dujana 0.1 Dujana 0.12 

Khera 

Dharampur

a 

0.09 Dujana 0.15 
Khera 

Dharampura 
0.14 

Khera 

Dharampura 

Max. 0.33 
Bisrakh 

Road 
0.32 

Dhoom 

Manikpur 
0.35 

Bisrakh 

Road 
0.31 Sadopur 0.34 

Bisrakh 

Road 
0.31 Badalpur 

Mean 0.24 0.23 0.24 0.22 0.26 0.24 

St. Dev. 0.07 0.07 0.07 0.06 0.053 0.051 

The empirical probability distribution plots with respect to nitrite at all the twenty-two 

water quality stations of the study area during study period (2016, 2017 & 2018) are 

shown in Fig. 5.2.1.66, 5.2.1.67 and 5.2.1.68 respectively. Box and Whisker plot is 

also drawn to know the distributional characterstics of nitrite values of groundwater 

during study period (Fig. 5.2.1.69). Spatial distribution map of nitrite content in 

groundwater of study area, further demonstrate scenario of nitrite contamination (Fig. 

5.2.1.70).  

BIS does not recommend any standard value for nitrite in potable water however 

WHO gave a guideline value of 3 mg/L as nitrite ion (WHO, 2017). Guidelines for 

Canadian drinking water quality also gave a value of 3 mg/L as nitrite ion in drinking 

water (Health Canada, 2013).  Major sources of nitrite to humans are vegetables and 

preservatives in cured meat. A considerable amount of nitrite can enters in body of 

bottle-fed infants through water. This is most sensitive group of population against 

methaemoglobinaemia disease. Results of nitrite analysis concluded that all of 

analysed samples have nitrite concentration well below the guideline value of WHO 

for nitrite. Farshad & Imandel, (2003) reported a range of 0.29 to 314.22 mg/L of 

nitrite in industrial sites of Tehran. Magesh et al., (2013) documented nitrite content 

in groundwater of Dindigul district of Tamilnadu- 0.05 to 87 mg/L. Nezhad et al., 

(2017) analysed groundwater of Shiraz city of south-central Iran and reported the 

nitrite range of 0 to 0.025 mg/L.     
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Fig. 5.2.1.66 Empirical probability distribution 

of Nitrite concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.67 Empirical probability distribution 

of Nitrite concentration in Groundwater 

samples (in year 2017) 

 

 

Fig. 5.2.1.68 Empirical probability distribution of Nitrite concentration in Groundwater samples 

(in year 2018) 
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Fig. 5.2.1.69 Box and Whisker plot of Nitrite concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.70 Spatial distribution of Nitrite in Groundwater samples during study period  

(2016-2018) 
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5.2.1.15 Nitrate 

Nitrate is naturally found in water bodies in small quanity but due to various human 

activities its concentration has increased. Different point sources like untreated 

domestic sewage, waste disposal, accumulation of liquid manure at a place and non 

point sources like agricultural runoff, geological deposition, precipitation of 

atmospheric nitrogen, nitrogen fixation, decomposition of dead/decaying animals & 

plants are the various sources of nitrate contamination in groundwater (Harper et al., 

1983). It is considered as second most pollutant of groundwater which threats 

environment (Spalding & Exner, 1993). Recently several researchers documented the 

elevated level of groundwater nitrate due to agricultural activities.  

The analytical results of nitrate in groundwater samples are given in Table – 5.2.1.29 

and 5.2.1.30.  

The range of nitrate in groundwater during study period was 38.4 to 496 mg/L with a 

mean of 206.3 mg/L. According to Indian standards for drinking water, the maximum 

concentration of nitrate should be 45 mg/L in drinking water. The obtained mean 

value in current study, was much higher than the desirable limit of BIS. Its base value 

was recorded from Dhoom Manikpur water quality station in pre-monsoon season of 

2016. The upper limit of nitrate was obtained from Bisrakh water quality station in 

pre-monsoon sample of Year 2018. In year 2016 it was recorded maximum at Bisrakh 

water quality station (445 mg/L) and minimum at Dhoom Manikpur water quality 

station with a mean value of 207.52 ± 88.99 mg/L. In year 2017 a decrease in mean 

value of nitrate was observed compared to year 2016. During 2018 mean nitrate value 

increased from 194.96 (in year 2017) to 216.4 (in year 2018) mg/L. During whole 

study period (from 2016 to 2018) always Bisrakh water quality station showed 

maximum concentration of nitrate in groundwater.  
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Table – 5.2.1.29 Seasonal Variation in Nitrate concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018

 

 

 

 

 

 

Pre-monsoon 349.60 308.00 341.20

Post-monsoon 320.60 293.60 295.80

Pre-monsoon 207.00 210.00 217.56

Post-monsoon 192.50 200.80 189.70

Pre-monsoon 197.00 201.00 198.30

Post-monsoon 178.70 182.60 173.50

Pre-monsoon 237.60 216.00 323.10

Post-monsoon 233.00 208.20 295.80

Pre-monsoon 205.80 208.00 206.70

Post-monsoon 208.40 204.60 178.90

Pre-monsoon 190.60 173.00 200.80

Post-monsoon 195.87 179.20 197.30

Pre-monsoon 441.00 433.00 496.00

Post-monsoon 445.00 438.00 414.00

Pre-monsoon 250.40 260.00 239.80

Post-monsoon 244.80 221.80 212.60

Pre-monsoon 251.30 244.00 246.50

Post-monsoon 255.30 229.70 223.50

Pre-monsoon 302.10 276.00 360.20

Post-monsoon 270.90 278.60 310.20

Pre-monsoon 255.70 253.00 252.60

Post-monsoon 246.10 242.50 220.80

Pre-monsoon 304.80 180.00 189.50

Post-monsoon 306.80 181.40 190.70

Pre-monsoon 230.50 205.00 258.90

Post-monsoon 232.60 208.60 231.40

Pre-monsoon 139.80 108.00 175.10

Post-monsoon 126.20 97.28 177.80

Pre-monsoon 148.10 107.00 155.30

Post-monsoon 154.40 111.80 159.10

Pre-monsoon 100.40 101.00 140.50

Post-monsoon 102.80 105.80 128.40

Pre-monsoon 91.17 71.00 82.18

Post-monsoon 95.43 69.16 86.82

Pre-monsoon 208.50 210.00 267.60

Post-monsoon 212.80 214.70 258.80

Pre-monsoon 121.40 102.00 108.30

Post-monsoon 122.80 96.51 109.67

Pre-monsoon 204.63 318.00 348.90

Post-monsoon 207.90 313.80 305.00

Pre-monsoon 38.40 41.00 47.23

Post-monsoon 42.30 48.63 50.25

Pre-monsoon 140.00 108.00 132.00

Post-monsoon 120.00 118.00 121.20

-10.16% -18.61% -6.39%

14.29% -9.26% 8.18%

-1.15% 5.38% -1.27%

-1.60% 1.32% 12.58%

-4.67% 2.59% -5.65%

-2.06% -2.24% 3.29%

-4.25% -4.49% -2.45%

-2.39% -4.75% 8.61%

-0.91% -1.76% 10.62%

9.73% 9.93% -1.54%

3.75% 4.15% 12.59%

-0.66% -0.78% -0.63%

-1.59% 5.86% 9.33%

10.33% -0.94% 13.88%

-0.91% -1.15% 16.53%

2.24% 14.69% 11.34%

-1.26% 1.63% 13.45%

-2.76% -3.58% 1.74%

9.29% 9.15% 12.51%

1.94% 3.61% 8.45%

8.30% 4.68% 13.31%

7.00% 4.38% 12.81%

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table-5.2.1.30 Statistical Summary of Nitrate (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 38.4 
Dhoom 

Manikpur 
42.3 

Dhoom 

Manikpur  
41 

Dhoom 

Manikpur 
48.63 

Dhoom 

Manikpur 

47.2

3 

Dhoom 

Manikpur 
50.25 

Dhoom 

Manikpur 

Max. 441 
Bisrakh 

Road 
445 

Bisrakh 

Road 
433 

Bisrakh 

Road 
438 

Bisrakh 

Road 
496 

Bisrakh 

Road 
414 

Bisrakh 

Road 

Mean 209.81 205.24 196.95 192.97 226.74 205.97 

St. Dev. 91.19 88.83 93.19 90.70 103.8 84.619 
 

In agricultural zone of study area nitrate concentration varied from 173.5 to 349.6 

mg/L with a mean value 240.47 mg/L. Industrial zone of study area has wide range of 

nitrate with a minimum value of 69.16 mg/L and maximum value of 496 mg/L. 

Residential zone also showed high nitrate value in groundwater (38.4 to 348.9 mg/L). 

In industrial zone Dujana water quality station showed a minimum nitrate 

concentration while Bisrakh water quality station showed a maximum nitrate 

concentration. The increasing order of mean nitrate value in three different zone was- 

140.25 mg/L (residential zone) < 215.38 mg/L (industrial zone) < 240.47 mg/L 

(agricultural zone).  

On the basis of percent change in nitrate value from pre-monsoon to post-monsoon 

season, it is observed that in agricutural areas always dilution of ground aquifers 

occured after monsoon. But at few water quality stations in industrial and residential 

zone, nitrate concentration of groundwater increased after rainfall. The study area was 

densely populated and due to lack of proper sanitary conditions a large quantity of 

human and animal excreta mixed with soil layers.  Percolation of nitrogenous matter 

with rain water caused increase in nitrate content of groundwater. A rise in nitrate 

content of groundwater was also reported by Singh et al., (2013) in Bathinda district 

of Punjab. They concluded that 33% of analysed samples in pre-monsoon season 

(NO3 level up to 83 mg/L) and 45% samples in post-monsoon season (NO3 level upto 

90 mg/L) were not suitable for drinking. 

The empirical probability distribution plot and box-whisker plot of nitrate content in 

groundwater samples collected from study area during three consecutive year (2016, 

2017 & 2018) is given in Fig. 5.2.1.71, 5.2.1.72, 5.2.1.73 and 5.2.1.74 respectively. 

Graphical figures reveal that data is symmetrically distributed during study period 
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however majority of samples were in range of 150 to 250 mg/L of nitrate. Spatial 

distribution map of nitrate content of groundwater in study area also showed relative 

level of nitrate at studied water quality stations (Fig. 5.2.1.75). Groundwater nitrate 

pollution problem is more prevalent in rural areas than urban areas because of 

livestock farming (Singh & Sekhon, 1976). 

Methemoglobinemia is the common disease associated with excess of nitrate in 

drinking water. Nitrate itself is relatively non-toxic. But in human body, it gets 

converted to nitrites which react with heamoglobin in the blood and oxidize Fe
+2

 to 

Fe
+3

 and forms methemoglobin. This methemoglobin cannot bind oxygen, hence 

decreases the capacity of the blood to transport oxygen. When less oxygen is 

transported from the lungs to the body tissues, it causes a condition known as 

methemoglobinemia. Adults can tolerate little higher nitrate concentrations. On the 

basis of standard value of nitrate of BIS, nearly 97.7% of analysed samples were 

beyond the limit. Leaching of agricultural waste water and nitrification of nitrogen 

present in human and animal excreta were responsible for high nitrate content of 

groundwater in study region. Ahada & Suthar, (2018) analysed nitrate content of 

groundwater of Malwa, Punjab and reported nitrate range; 38.45 to 198.05 mg/L in 

eastern Malwa and 46.43 to 163.30 mg/L in western Malwa. Gaikwad et al., (2019) 

reported nitrate content (0.5 to 14.8 mg/L) of underground water in western coastal 

part of Maharashtra. Similar type of studies were done by many workers (Elisante & 

Muzuka 2017; Daw et al., 2018; Ducci, 2018; Zhang et al. 2018). 

  

Fig. 5.2.1.71 Empirical probability distribution 

of Nitrate concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.72 Empirical probability distribution 

of Nitrate concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.1.73 Empirical probability distribution of Nitrate concentration in Groundwater samples 

(in year 2018) 

 

Fig. 5.2.1.74 Box and Whisker plot of Nitrate concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.75 Spatial distribution of Nitrate in Groundwater samples during study period 

 (2016-2018) 
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5.2.1.16 Phosphate 

Phosphorous occurs in natural waters almost solely as phosphates rather than in free 

state. Phosphorous occurs both in inorganic and organic forms (as bound in the 

organismal matter). Only inorganic phosphorous (as orthophosphates) plays a 

dynamic role in an aquatic ecosystem. Phosphorous is a component of sewage, as it is 

essential in metabolism and always present in animal metabolic waste. The natural 

source of phosphate is the phosphorous bearing rocks. The high phosphate 

concentration is related to waste disposal. Phosphates are contributed to natural waters 

through dissolutions from soil, discharged sewage and industrial effluents, 

particularly from fertilizer factories. Phosphate is pointed out as an indicator of 

aquatic pollution by organic matter and it is the principal causative agent for the 

eutrophication of water bodies and consequential degradation.  

Phosphorus data have great importance in envrionmental studies because of their 

significance as a vital factor in life process. In unpolluted water bodies, phosphates 

are formed mainly during certain biological process of transformation of organic 

substances to inorganic phosphate. During the vegetation period, the phosphates in 

soluble form are readily taken up by aquatic plants, mainly phytoplankton. 

Considerable irregular increase in the concentration of phosphate indicates the 

presence of pollutants. Major sources of this are domestic sewage, detergent, 

agricultural run-off with fertilizer and industrial waste waters (Fadiran et al., 2008).  

During the whole study period the analytical results of phosphate in groundwater 

samples are given in Table – 5.2.1.31 and 5.2.1.32.  

The range of phosphate in study region was 0.14 to 3.85 mg/L with mean value 1.11 

mg/L. Badhpura station has minimum concentration of phosphate in year 2016 while 

Talabpur water quality station has maximum concentration of phosphate in 

groundwater. Talabpur station was in agricultural zone of study area and use of 

phosphate fertilizers enhanced the phosphorus content of groundwater. During study 

period, phosphate content ranged from 0.14 to 3.17 mg/L in year 2016; 0.39 to 2.87 

mg/L in year 2017 and 0.48 to 3.85 mg/L in year 2018. Percolation of phosphorus rich 

water increases the phosphate level in groundwater (Rajankar et al., 2011). 
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Table – 5.2.1.31 Seasonal Variation in Phosphate concentration (in mg/L) of Groundwater 

samples during year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 1.89 1.21 1.68

Post-monsoon 1.64 1.14 1.36

Pre-monsoon 1.06 1.89 2.05

Post-monsoon 0.98 1.81 1.68

Pre-monsoon 1.03 0.91 1.06

Post-monsoon 0.89 0.72 0.92

Pre-monsoon 0.64 2.41 3.85

Post-monsoon 0.53 2.18 3.84

Pre-monsoon 0.55 0.73 0.72

Post-monsoon 0.54 0.71 0.62

Pre-monsoon 1.18 2.87 1.87

Post-monsoon 1.07 2.52 1.68

Pre-monsoon 3.17 1.81 0.98

Post-monsoon 2.08 1.01 0.78

Pre-monsoon 0.44 1.65 0.81

Post-monsoon 0.42 0.74 0.71

Pre-monsoon 0.87 0.41 0.56

Post-monsoon 0.83 0.39 0.48

Pre-monsoon 0.72 1.01 0.94

Post-monsoon 0.65 0.83 0.83

Pre-monsoon 1.03 0.97 0.73

Post-monsoon 0.97 0.92 0.63

Pre-monsoon 0.67 0.81 0.86

Post-monsoon 0.54 0.79 0.83

Pre-monsoon 0.97 1.23 1.29

Post-monsoon 0.95 1.09 1.61

Pre-monsoon 0.44 0.68 1.12

Post-monsoon 0.40 0.62 0.98

Pre-monsoon 1.06 0.91 1.17

Post-monsoon 0.96 0.81 1.10

Pre-monsoon 1.02 1.21 1.34

Post-monsoon 0.98 1.11 1.23

Pre-monsoon 1.00 1.25 1.32

Post-monsoon 0.97 1.18 1.12

Pre-monsoon 1.00 0.90 1.03

Post-monsoon 0.92 0.87 0.81

Pre-monsoon 0.87 1.78 1.48

Post-monsoon 0.85 1.37 1.33

Pre-monsoon 1.09 1.12 1.13

Post-monsoon 0.99 1.11 0.97

Pre-monsoon 0.87 0.98 0.89

Post-monsoon 1.39 1.01 1.03

Pre-monsoon 0.52 0.79 1.12

Post-monsoon 0.14 0.98 0.87

-59.77% -3.06% -15.73%

73.08% -24.05% 24.11%

2.41% 23.03% 10.34%

9.27% 0.89% 13.81%

2.51% 5.60% 15.15%

8.04% 3.89% 20.59%

9.34% 11.09% 5.98%

3.82% 8.43% 8.21%

1.96% 11.38% -24.81%

9.28% 9.37% 12.41%

5.63% 4.25% 14.34%

19.97% 3.20% 3.15%

4.25% 5.35% 14.80%

9.60% 17.92% 11.50%

34.38% 44.20% 20.63%

3.66% 55.27% 11.90%

1.28% 3.28% 14.46%

9.32% 12.20% 10.16%

13.30% 20.55% 13.21%

17.57% 9.54% 0.13%

13.28% 5.79% 18.93%

7.36% 4.44% 17.95%

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table – 5.2.1.32 Statistical Summary of Phosphate (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.43 
Bisrakh 

Road 
0.14 Badhpura  0.41 

Bisrakh 

Road 
0.39 

Bisrakh 

Road 
0.56 

Bisrakh 

Road 
0.48 

Bisrakh 

Road 

Max. 3.17 
Bisrakh 

Road 
2.08 

Bisrakh 

Road 
2.87 

Bisrakh 

Road 
2.52 

Bisrakh 

Road 
3.84 Dujana 3.84 Talabpur 

Mean 1 0.90 1.25 1.09 1.27 1.15 

St. Dev. 0.58 0.42 0.59 0.50 0.68 0.6897 

 

Phosphate concentration in agricultural zone ranged from 0.53 to 3.85 mg/L, in 

industrial zone 0.39 to 3.17 mg/L and in residential zone 0.14 to 1.78 mg/L. 

Maximum mean phosphate value was obtained from the agricutural zone of study 

area. The decreasing order for mean value of phosphate was; agricultural zone (1.56 

mg/L) > residential zone (1.03 mg/L) > industrial zone (1.01 mg/L). After analyzing 

the results of phosphate analysis, it is observed that industrial effluent and agricultural 

activities were two vital factors for elevated concentration of phosphate in 

groundwater. 

During study period, distribution plots of phosphate content of groundwater samples 

are presented in Fig. 5.2.1.76, 5.2.1.77 & 5.2.1.78. Plot shows that most of the 

samples were in range of 0.5 to 1.5 mg/L of phosphate. Box and whisker plot reflects 

a wide variation in phosphate values of groundwater samples (Fig. 5.2.1.79). Many 

outliers were present in quantile plot. These outliers were of samples collected from 

Duryai and Bisrakh road stations. Spatial distribution map of phosphate content of 

groundwater samples represents level of phosphate contamination in groundwater at 

studied water quality stations (Fig. 5.2.1.80). 

Both natural and human factors govern the phosphate content of groundwater. 

Naturally phosphorus can enters into water bodies through atmospheric deposition, 

dissolution of phosphate mineral containing rocks, decomposition of organic matter, 

surface runoff, and sedimentation. Human activities like use of fertilizers, septic tank 

effluent, animal excreta, domestic waste water (containing detergents), industrial 

waste water, mining process, water treatment, and synthetic material processing also 

adds significant quantity of phosphate to water bodies (Mueller et al., 1995; Spruill et 
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al., 1998). The composition of the infiltrating rain water depends on the frequency of 

rainfall, soil environment and agricultural pattern of the area. In study area, dilution of 

groundwater was observed after monsoon season. Due to alluvial soil groundwater 

recharge process was prevailing in the study area. In few samples of Dhoom 

Manikpur and Badhpura, a rise in phosphate concentration was recorded after 

monsoon season. Khanikar et al., (2017) recorded a range of 0 to 0.96 mg/L in 

groundwater samples of Dhekiajuli of Assam. 

  

Fig. 5.2.1.76 Empirical probability distribution 

of Phosphate concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.77 Empirical probability distribution of 

Phosphate concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.1.78 Empirical probability distribution of Phosphate concentration in Groundwater 

samples (in year 2018) 

 

 

Fig. 5.2.1.79 Box and Whisker plot of Phosphate concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.80 Spatial distribution of Phosphate in Groundwater samples during study period 

(2016-2018) 
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5.2.1.17 Sulphate 

The sulphate anion is present in natural water ranging from traces to very high 

concentration. Sulphates of calcium and magnesium impart permanent hardness to the 

water. Under natural conditions, sulphate content of aquifers depends upon 

weathering of sulphur containing rocks and biochemical oxidation of sulphur 

compounds. Suitability of water for domestic and industrial purpose is also decided 

from the sulphate content of it. Excessive concentration of sulphate in drinking water 

causes cathartic effect upon humans. It is utilized by all organisms in inorganic as 

well as organic forms. Sulphate concentration of water for sanitary and hygienic use is 

not strictly defined (250 mg/L US and Canada). At higher concentration it causes 

gastrointestinal irritation in the presence of magnesium or sodium. Increase in 

sulphate concentration may be attributed to the pollution of water bodies. High 

concentration of sulphate in surface water may be due to oxidation of metal sulphates 

which is discharged by various industries. The majority of sulphates are soluble in 

water with the exceptions of sulphates of lead, barium and strontium. 

Analytical results of sulphate in all twenty-two groundwater samples are given in 

Table – 5.2.1.33 and 5.2.1.34.  

The sulphate content in underground water of study area varied from 1.38 to 451.5 

mg/L with a mean value of 96.66 mg/L. The base limit of sulphate was obtained from 

post-monsoon sample of 2018 from Duryai water quality station. The upper limit of 

sulphate was recorded from pre-monsoon sample of 2016 from Achheja water quality 

station. During 2016, variation in sulphate content of groundwater was from 1.67 to 

451.5 mg/L with a mean value of 103.45 mg/L while, in 2017 it ranged from a 

minimum of 1.65 mg/L to a maximum of 298 mg/L. It was observed that values 

ranged from 1.38 to 319.8 mg/L during 2018. In year 2016 it was found maximum at 

Achheja water quality station and in year 2017 the minimum sulphate concentration 

was observed at Duryai water quality station and maximum at Dujana with a mean of 

89.41 ± 106.62 mg/L. In 2018 it was found maximum at Dujana site and minimum at 

Duryai water quality station with a mean of 97.12 ± 115 mg/L. A fluctuating pattern 

of sulphate values in groundwater of study area reflects anthropogenic source of it.  
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Table – 5.2.1.33 Seasonal Variation in Sulphate concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

  

Pre-monsoon 98.40 85.00 94.46

Post-monsoon 88.53 82.75 83.18

Pre-monsoon 8.32 4.44 4.84

Post-monsoon 7.13 4.11 4.11

Pre-monsoon 1.87 1.91 1.93

Post-monsoon 1.67 1.65 1.38

Pre-monsoon 15.16 14.69 23.57

Post-monsoon 14.16 14.80 21.15

Pre-monsoon 3.85 3.91 2.86

Post-monsoon 3.27 2.89 2.38

Pre-monsoon 160.90 143.00 152.80

Post-monsoon 152.80 141.50 149.90

Pre-monsoon 61.80 57.20 39.80

Post-monsoon 58.30 45.60 37.34

Pre-monsoon 8.68 9.40 8.92

Post-monsoon 8.60 7.15 7.86

Pre-monsoon 4.04 4.25 5.43

Post-monsoon 4.01 3.12 4.83

Pre-monsoon 2.93 2.69 3.11

Post-monsoon 2.61 2.39 2.65

Pre-monsoon 4.64 5.20 4.71

Post-monsoon 4.31 5.10 4.08

Pre-monsoon 451.50 267.00 290.80

Post-monsoon 435.90 263.10 286.90

Pre-monsoon 209.70 189.00 204.90

Post-monsoon 205.40 171.70 181.60

Pre-monsoon 34.20 26.00 41.49

Post-monsoon 31.31 24.16 35.80

Pre-monsoon 311.50 255.00 281.70

Post-monsoon 281.80 230.80 246.40

Pre-monsoon 276.10 279.00 319.80

Post-monsoon 268.10 246.80 277.10

Pre-monsoon 305.00 298.00 313.80

Post-monsoon 298.50 284.80 275.00

Pre-monsoon 261.10 267.00 309.80

Post-monsoon 248.40 258.70 268.80

Pre-monsoon 38.60 33.00 34.41

Post-monsoon 36.10 32.46 31.26

Pre-monsoon 25.64 43.00 46.90

Post-monsoon 22.89 41.30 39.27

Pre-monsoon 17.87 11.84 10.96

Post-monsoon 15.89 9.23 11.21

Pre-monsoon 36.50 23.69 52.50

Post-monsoon 23.69 35.60 51.50

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9

10.03% 2.65% 11.94%

14.28% 7.43% 15.07%

Badhpura

S18 Badalpur

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

15.06% 26.01% 16.87%

5.03% 1.05% 1.90%

10.53% 13.56% 28.67%

6.60% -0.75% 10.27%

0.74% 26.68% 11.17%

11.00% 11.00% 15.00%

5.66% 20.28% 6.18%

0.86% 23.97% 11.89%

2.05% 9.15% 11.37%

8.45% 7.08% 13.71%

7.07% 1.92% 13.41%

3.46% 1.46% 1.34%

2.13% 4.43% 12.36%

4.86% 3.11% 13.23%

9.53% 9.49% 12.53%

2.90% 11.54% 13.35%

11.08% 22.04% -2.28%

35.10% -50.27% 1.90%

6.48% 1.64% 9.15%

10.73% 3.95% 16.27%
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On the basis of land use pattern in current study area, sulphate concentration in 

groundwater has significant variations. In agricultural zone sulphate concentration 

ranged from 1.38 to 98.4 mg/L with a mean value of 28.30 mg/L. Sulphate analysis of 

groundwater of industrial zone gave a minimum value of 2.38 mg/L and a maximum 

value of 451.5 mg/L with a mean of 135.17 mg/L. The sulphate concentration in 

residential zone ranged between 9.23 and 52.5 mg/L providing a mean value of 30.22 

mg/L. The high mean value of sulphate in groundwater of industrial area may be 

related to dumping of industrial effluent without proper treatment. Many researchers 

(Ullah et al., 2009; Devi & Kumar, 2012; Nasir et al., 2017; Selvakumar et al., 2017) 

found that industrial discharge added a significant amount of sulphate in groundwater. 

During pre-monsoon season, a rise in sulphate concentration was observed due to 

evaporation process and lowering of groundwater level. The sulphate concentration 

reduced in post-monsoon season due to rainfall recharge. However at Badhpura water 

quality station sulphate content increased after monsoon period in year 2017 due to 

local pollution (domestic wastes and dissolution of precipitated salts).  

The empirical probability distribution plots of sulphate in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) are 

given in Fig. 5.2.1.81, 5.2.1.82 and 5.2.1.83 respectively. Most of groundwater 

samples have sulphate content below 100 mg/L. Box and Whisker plot was also 

drawn to know the distributional characterstics of sulphate values of groundwater 

during study period. From the plot it is clear that median value is much lower tha 

mean value and closer to minimum obtained value of sulphate in groundwater. Spatial 

distribution of sulphate in groundwater samples of study area is given in Fig. 5.2.1.85. 

Table – 5.2.1.34 Statistical Summary of Sulphate (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 1.87 Duryai 1.67 Duryai 1.91 Duryai 1.65 Duryai 1.93 Duryai 1.38 Duryai 

Max. 451.5 Achheja 435.9 Achheja 298 Dujana 284.8 Dujana 319.8 Dujana 286.9 Achheja 

Mean 106.29 100.61 92.01 86.81 102.25 91.986 

St. Dev. 134.26 129.14 111.14 104.46 122.51 109.64 
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The BIS has set the sulphate content of 200 mg/L for safe drinking water as desirable 

limit while its permissible limit is prescribed as 400 mg/L in the absence of any other 

alternative sources. Nearly 75% of analysed samples were within the desirable limit 

of sulphate given by BIS. Two samples collected from Achheja water quality station 

in year 2016 were beyond the permissible limit of BIS. Sulphate from drinking water 

is poorly absorbed in the human intestine and slowly penetrates into the cellular 

membranes of mammals and is rapidly eliminated through the kidneys. Sodium 

sulphate and magnesium sulphate exert a cathartic action in human beings. It is also 

associated with respiratory diseases. Corrosion of water distribution pipes can happen 

due to sulphate present in water. A range of 11 to 837 mg/L of sulphate was reported 

by Singh et al., (2011) in parts of Noida metropolitan city. A range of 2 to 1,300 mg/L 

of sulphate in Greater Noida sub-basin was given by Singh & Hussian, (2016). Li et 

al., (2016) reported a range of 3.39 to 2772 mg/L of sulphate in groundwater of 

Tengger desert in northwest China. They divided the study area into two parts- the 

alluvial plain in the south and the desert region in the north. The sulphate 

concentration was found higher in alluvial plain than desert region due to evaporation 

of shallow ground aquifers in alluvial plain. 

  

Fig. 5.2.1.81 Empirical probability distribution 

of Sulphate concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.82 Empirical probability distribution 

of Sulphate concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.1.83 Empirical probability distribution of Sulphate concentration in Groundwater 

samples (in year 2018) 

 

Fig. 5.2.1.84 Box and Whisker plot of Sulphate concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.85 Spatial distribution of Sulphate in Groundwater samples during study period  

(2016-2018) 
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5.2.1.18 Ammonia 

In environment ammonia can found in ionized (NH4
+
) or unionized form (NH3). It 

enters the environment through metabolism in humans, agricultural activities and 

industrial effluents. Presence of ammonia in water indicates the microbial 

contamination of water. Naturally small amount of ammonia is present in 

groundwater (0.2 to 3 mg/L) (WHO). There is no direct health hazard of ammonia in 

drinking water however it can cause formation of nitrite in distribution system. In 

distribution systems ammonia reacts with chlorine to form chloramines. No health 

based guideline value of NH3 in drinking water, is given by WHO however an odour 

threshold of 1.5 mg/L at alkaline pH and taste threshold of 35 mg/L (as NH4
+
) is 

proposed. BIS sets an acceptable limit of 0.5 mg/L (as total ammonia) in drinking 

water with no relaxation.  

The results of ammonia analysis of groundwater samples during study period are 

given in Table – 5.2.1.35 and 5.2.1.36. 

The analytical result revealed that range of ammonia in groundwater of study area 

was 0.04 to 0.92 mg/L. The minimum concentration of ammonia was analysed in 

post-monsoon samples of Sadopur water quality station in year 2017. Badhpura water 

quality station showed maximum concentration of ammonia in groundwater. During 

2016 the variation in ammonia concentration of groundwater was from 0.04 to 0.87 

mg/L with a mean value of 0.21 mg/L while, in 2017 it ranged from a minimum of 

0.04 mg/L to a maximum of 0.68 mg/L. It was observed that values ranged from 0.05 

to 0.92 mg/L during 2018. In year 2016 it was found maximum at Bisrakh water 

quality station and in year 2017 the minimum ammonia concentration was observed at 

Sadopur water quality station and maximum at Badhpura station with a mean of 0.14 

± 0.12 mg/L. In 2018 it was found maximum at Badhpura station and minimum at 

Bishnuli water quality station with a mean of 0.161 ± 0.167 mg/L.  
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Table – 5.2.1.35 Seasonal Variation in Ammonia concentration (in mg/L) of Groundwater 

samples during year 2016, 2017 & 2018 

 

 

 

Pre-monsoon 0.11 0.09 0.10

Post-monsoon 0.09 0.07 0.08

Pre-monsoon 0.16 0.10 0.10

Post-monsoon 0.15 0.09 0.08

Pre-monsoon 0.11 0.09 0.11

Post-monsoon 0.09 0.08 0.09

Pre-monsoon 0.09 0.07 0.10

Post-monsoon 0.08 0.06 0.09

Pre-monsoon 0.87 0.09 0.11

Post-monsoon 0.87 0.11 0.11

Pre-monsoon 0.09 0.12 0.14

Post-monsoon 0.09 0.11 0.13

Pre-monsoon 0.38 0.26 0.27

Post-monsoon 0.36 0.25 0.21

Pre-monsoon 0.10 0.09 0.10

Post-monsoon 0.10 0.09 0.08

Pre-monsoon 0.04 0.06 0.07

Post-monsoon 0.04 0.05 0.06

Pre-monsoon 0.11 0.11 0.14

Post-monsoon 0.13 0.10 0.13

Pre-monsoon 0.07 0.06 0.06

Post-monsoon 0.06 0.05 0.05

Pre-monsoon 0.27 0.35 0.34

Post-monsoon 0.21 0.32 0.32

Pre-monsoon 0.18 0.17 0.21

Post-monsoon 0.15 0.14 0.20

Pre-monsoon 0.13 0.11 0.16

Post-monsoon 0.12 0.09 0.14

Pre-monsoon 0.14 0.11 0.12

Post-monsoon 0.13 0.10 0.10

Pre-monsoon 0.11 0.11 0.13

Post-monsoon 0.10 0.09 0.11

Pre-monsoon 0.23 0.22 0.24

Post-monsoon 0.22 0.21 0.19

Pre-monsoon 0.11 0.12 0.14

Post-monsoon 0.10 0.10 0.11

Pre-monsoon 0.08 0.05 0.06

Post-monsoon 0.07 0.04 0.07

Pre-monsoon 0.69 0.11 0.12

Post-monsoon 0.62 0.11 0.10

Pre-monsoon 0.06 0.08 0.08

Post-monsoon 0.06 0.06 0.07

Pre-monsoon 0.75 0.41 0.92

Post-monsoon 0.50 0.68 0.78

2.7% 21.3% 10.4%

33.3% -65.9% 15.2%

11.3% -13.6%22.0%

10.4% 4.5% 13.4%

4.3% 4.5% 20.8%

9.1% 16.7% 21.4%

7.1% 9.1% 16.7%

9.1% 18.2% 15.4%

16.7% 17.6% 4.8%

11.2% 20.9% 15.1%

14.5% 15.0% 16.4%

22.2% 8.6% 5.9%

0.0% 15.0% 13.8%

-12.4% 11.8% 6.6%

5.3% 3.8% 22.2%

1.0% 3.3% 14.4%

0.6% -22.2% 0.9%

1.1% 8.3% 7.1%

16.8% 7.8% 19.4%

13.2% 10.0% 15.5%

19.1% 24.4% 14.7%

9.3% 11.0% 20.4%

Badhpura

S18 Badalpur

Residential

S19 Sadopur

S20 Dairy Maccha

S21
Dhoom 

Manikpur

S22

S15 Dujana

S16 Dujana

S17 Dujana

S12 Achheja

S13 Achheja

S14 Dujana

Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7 Bisrakh Road

S8 Bisrakh Road

S9 Bisrakh Road

S10
Khera 

Dharampura

S11 Bishnuli

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai

S2 Duryai

S3 Duryai

S4

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table – 5.2.1.36 Statistical Summary of Ammonia (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.04 
Bisrakh 

Road 
0.04 

Bisrakh 

Road  
0.5 Sadopur 0.4 Sadopur 0.06 Sadopur 0.05 Bishnuli 

Max. 0.87 
Bisrakh 

Road 
0.87 

Bisrakh 

Road 
0.41 Badhpura 0.68 Badhpura 0.92 Badhpura 0.78 Badhpura 

Mean 0.22 0.20 0.14 0.14 0.173 0.149 

St. Dev. 0.24 0.21 0.09 0.14 0.181 0.154 

 

In residential zone, few samples of Dairy Maccha (in year 2016) and Badhpura (in all 

three years) exceeded the acceptable limit of 0.5 mg/L while rest of the samples were 

suitable for drinking. In industrial zone, the value of ammonia ranged from 0.04 to 

0.87 mg/L with a mean value of 0.16 mg/L. Groundwater of Bisrakh Road water 

quality station have ammonia concentration higher than the 0.5 mg/L. At this station 

in year 2016, ammonia content of groundwater was much higher than the acceptable 

limit of BIS. Maximum mean concentration of ammonia was obtained from 

residential zone of study area. The results of analysis indicate that groundwater of 

residential zone of study area was partially fit for drinking. After analyzing the results 

on the basis of different zone, it was found that groundwater of agricultural zone was 

fit for drinking (0.06 to 0.16 mg/L). 

Results of ammonia analysis in groundwater samples, throughout the study period 

(2016, 2017 & 2018) at all twenty-two water quality stations, are presented through 

distribution plot & Box-Whisker plot (Fig. 5.2.1.86, 5.2.1.87, 5.2.1.88 & 5.2.1.89). 

Spatial distribution plot of ammonia in analysed groundwater samples is presented in 

Fig. 5.2.1.90. Residential zone has higher content of ammonia in groundwater. 

In majority of samples, ammonia content decreased after monsoon season. On the 

basis of acceptable limit of ammonia given by BIS, 6.8% of samples were not safe for 

drinking. Bundela et al., (2012) studied the groundwater quality near to municipal 

solid waste dumping sites in Jabalpur and recorded a range of ND to 4.3 mg/L of 

ammonia. Lal et al., (2014) recorded a range of 0.1 to 0.52 mg/L of ammonia in 

groundwater of Bhachau-Kachchh, Gujarat, with a mean value of 0.13 mg/L. 
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Fig. 5.2.1.86 Empirical probability distribution 

of Ammonia concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.1.87 Empirical probability distribution 

of Ammonia concentration in Groundwater 

samples (in year 2017) 

 

 

Fig. 5.2.1.88 Empirical probability distribution of Ammonia concentration in Groundwater 

samples (in year 2018) 
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Fig. 5.2.1.89 Box and Whisker plot of Ammonia concentration in Groundwater samples 

during study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.1.90 Spatial distribution of Ammonia in Groundwater samples during study period 

(2016-2018) 
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5.2.2 TOXICITY OF HEAVY METALS 

Heavy metals are the metals whose atomic weights between 63.5 & 200.6 and density 

greater than 5 gm/cm (Srivastava & Majumder, 2008). Metals occupy a major 

proportion of the total identified elements and rest is constituted by non-metals and 

metalloids. Heavy metals are those metals having relatively higher density than water. 

In spite of being a metalloid, arsenic is also considered as a heavy metal. These metals 

cause toxicity in living beings even a trace amount is present inside the living body. 

Many metals form bonds with sulphydryl groups of enzymes and inhibits activity of 

enzyme. (Jung, 2001; Liu et al., 2014). Heavy metals once entered into the food chain, 

remain there until reach upto the toxic level (Abah et al., 2013). Some heavy metals, 

essential for the living organisms in small quantities, are called essential trace element 

e.g. iron, cobalt, zinc, copper. But excessive intake of these metals causes serious 

health problems. Rapid industrialization & unplanned urbanization causes elevated 

content of metals in the environment and causes risk of health diseases 

(Rajasulochana & Preethy, 2016). Heavy metals are present in the industrial effluent 

of many industries such as metal plating, fertilizer industries, tannaries, cement 

factories, battery industries, textile, dying etc. The effluent from the industries are 

directly or indirectly disposed into the environment without proper treatment. Due the 

process of time, metals present in the effluent mix with water aquifers. These metals 

are non-biodegradable and remain in aquifers for a long time (Karthika et al., 2015). 

Due to high solubility of heavy metals in aqueous medium, these metals can easily be 

entered into the body of living organisms (Barakat, 2011).  

5.2.2.1 Arsenic 

Arsenic (As) is present everywhere in ecosystem in varying concentration. It is widely 

present in every component of environment like soil, atmosphere, rocks, water bodies 

and living organisms. Both natural processes (biological activities, weathering 

processes and volcanic eruptions) and anthropological activities contribute to arsenic 

content in environment (Kinniburg & Smedley, 2001; Jayasumana et al., 2015; Patel 

et al., 2017). Arsenic is present in environment in both inorganic (trivalent arsenite & 

pentavalent arsenate) and organic form (monomethyl arsonate, MMA & dimethyl 

arsinate, DMA). Inorganic form of arsenic has higher toxicity than organic form of 

arsenic. Under natural circumstances, arsenic content of environment has no adverse 

impact but due to human activities, a significant amount of arsenic has been added to 
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the environment. Various mining activity, use of arsenical pesticides/herbicides/crop 

desiccants, combustion of fossil fuels, the use of arsenic as a supplementary food for 

poultry and effluent of different industries are major source of arsenic in ecosystem 

(Smedley & Kinniburg, 2002; Bhattacharya et al., 2011). Although recently, the usage 

of arsenical products has been declined but the adverse impact of utilization of arsenic 

rich products on environment will remain for a long time (Faust et al., 1983; Hong et 

al., 2017). According to Indian standards for drinking Water (BIS 10500: 2012) 

acceptable limit of arsenic, is 10 µg/L and a permissible limit of 50 µg/L. WHO sets 

standard value of 10 µg/L for arsenic in potable water. 

Analytical results of arsenic in all twenty-two groundwater samples are given in Table 

– 5.2.2.1 and 5.2.2.2. 

The concentration of arsenic varied from 0.518 to 12.563 µg/L with a mean value of 

3.354 ± 2.753 µg/L during the study period. The highest concentration 12.563 µg/L 

was recorded at Bishnuli water quality station in pre-monsoon samples of year 2017 

and minimum concentration 0.518 µg/L was at Sadopur water quality station in post-

monsoon samples of year 2017. The high content of arsenic in groundwater sample of 

Bishnuli may be due to the presence of a nearby drainage coming from an adhesive 

factory. In year 2016, arsenic concentration of groundwater of study area ranged from 

0.625 µg/L (in post-monsoon sample of Sadopur station) to 12.563 µg/L (in pre-

monsoon sample of Bishnuli station). In year 2017, its concentration was 0.518 µg/L 

(in post-monsoon sample of Sadopur station) to 8.954 µg/L (in pre-monsoon sample 

of Dujana station). In year 2018, maximum concentration of arsenic (9.277 µg/L) was 

analysed in pre-monsoon sample of Dujana station and minimum (0.673 µg/L) was 

analysed in post-monsoon samples of Sadopur station. 

Agricultural zone of study area showed a mean of 2.27 µg/L of arsenic with a 

minimum value of 1.352 µg/L and maximum of 3.101 µg/L. Residential zone of study 

area have arsenic concentration ranged between 0.518 µg/L and 2.841 µg/L. In both 

the zone, arsenic concentration of groundwater was within the standard value given 

by BIS and WHO. However in industrial zone, arsenic concentration varied from 

0.815 to 12.563 µg/L. The upper limit of range exceeded the acceptable limit of BIS 

and standard limit of WHO. The results of study indicate anthropological sources of 

arsenic distribution in groundwater of study area.  
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Table – 5.2.2.1 Seasonal Variation in Arsenic concentration (in µg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

 

Pre-monsoon 2.063 2.338 2.453

Post-monsoon 1.981 2.106 2.218

Pre-monsoon 1.972 2.421 2.877

Post-monsoon 1.546 2.223 2.471

Pre-monsoon 3.101 2.638 2.772

Post-monsoon 2.881 2.551 2.438

Pre-monsoon 2.617 1.584 1.857

Post-monsoon 2.408 1.352 1.612

Pre-monsoon 1.781 1.85 1.941

Post-monsoon 1.665 1.771 1.662

Pre-monsoon 1.835 1.551 1.899

Post-monsoon 1.682 1.491 1.561

Pre-monsoon 8.812 8.05 8.412

Post-monsoon 7.916 7.915 8.156

Pre-monsoon 3.651 1.993 5.447

Post-monsoon 2.812 1.566 3.231

Pre-monsoon 4.663 1.743 3.331

Post-monsoon 4.186 1.106 2.912

Pre-monsoon 2.415 1.983 1.218

Post-monsoon 2.182 1.625 1.115

Pre-monsoon 12.563 6.821 6.414

Post-monsoon 10.231 6.326 6.157

Pre-monsoon 1.131 0.927 1.143

Post-monsoon 0.952 0.815 1.108

Pre-monsoon 2.387 1.352 3.821

Post-monsoon 1.964 1.24 3.336

Pre-monsoon 6.118 4.741 5.617

Post-monsoon 5.784 4.257 5.127

Pre-monsoon 8.328 7.945 9.277

Post-monsoon 7.667 7.168 8.515

Pre-monsoon 12.317 8.954 9.268

Post-monsoon 10.441 8.486 8.931

Pre-monsoon 2.137 1.954 3.175

Post-monsoon 1.918 1.618 3.101

Pre-monsoon 2.518 2.185 3.354

Post-monsoon 2.216 1.955 2.918

Pre-monsoon 0.892 0.697 0.734

Post-monsoon 0.625 0.518 0.673

Pre-monsoon 0.842 1.165 1.117

Post-monsoon 0.755 1.075 1.013

Pre-monsoon 2.562 1.625 2.349

Post-monsoon 2.235 1.318 2.117

Pre-monsoon 2.251 1.524 2.841

Post-monsoon 2.011 1.146 2.115

2018
Percentage change from pre-

monsoon to post-monsoon

Agricultural

S1 Duryai 4.0% 9.9% 9.6%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017

21.6% 8.2% 14.1%

7.1% 3.3% 12.0%

8.0%

Bisrakh Road

S10
Khera 

Dharampura

S3 Duryai

S4 Talabpur

Industrial

S5 Bisrakh Road

S6 Bisrakh Road

S7

S11 Bishnuli

S12 Achheja

S13 Achheja

Bisrakh Road

S8 Bisrakh Road

S9

Residential

S19 Sadopur

S20 Dairy Maccha

S21

S14 Dujana

S15 Dujana

S16 Dujana

Dhoom 

Manikpur

S22 Badhpura

S17 Dujana

S18 Badalpur

10.2% 1.7% 3.0%

23.0% 21.4% 40.7%

14.6% 13.2%

6.5% 4.3% 14.4%

8.3% 3.9% 17.8%

7.9% 9.8% 8.2%

18.6% 7.3% 4.0%

10.2% 36.5% 12.6%

9.6% 18.1% 8.5%

15.8% 12.1% 3.1%

17.7% 8.3% 12.7%

5.5% 10.2% 8.7%

10.2% 17.2% 2.3%

12.0% 10.5% 13.0%

15.2% 5.2% 3.6%

12.8% 18.9% 9.9%

10.7% 24.8% 25.6%

29.9% 25.7% 8.3%

10.3% 7.7% 9.3%
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Table – 5.2.2.2 Statistical Summary of Arsenic (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.842 
Dairy 

Maccha 
0.625 Sadopur  0.697 Sadopur 0.518 Sadopur 0.734 Sadopur 0.673 Sadopur 

Max. 12.563 Bishnuli 10.441 Dujana 8.954 Dujana 8.486 Dujana 9.277 Dujana 8.931 Dujana 

Mean 3.953 3.457 3.002 2.710 3.696 3.295 

St. Dev. 3.473 2.970 2.531 2.440 2.605 2.488 

 

Percent change in arsenic concentration from pre-monsoon to post-monsoon season 

showed dilution of ground aquifers after rainfall. Chaturvedi et al., (2018) also 

reported decrease in arsenic concentration from pre-monsoon (3.05 µg/L) to post-

monsoon season (1.93 µg/L). 

The empirical probability distribution plots with respect to arsenic at all the twenty-

two water quality stations of the study area during study period (2016, 2017 & 2018) 

are shown in Fig. 5.2.2.1, 5.2.2.2 and 5.2.2.3 respectively. Box and Whisker plot of 

arsenic concentration in groundwater samples collected from study area during three 

consecutive year (2016, 2017 & 2018) is given in Fig. 5.2.2.4. The mean value of 

arsenic in year 2016, 2017 and 2018 were 3.705, 2.856 and 3.496 µg/L respectively. 

During the study period, Dujana and Bishnuli water quality station showed maximum 

concentration of arsenic. These stations were in industrial zone of study area hence it 

can be concluded that percolation of metal from industrial effluents was responsible 

for elevated level of arsenic in underground aquifers. The distribution pattern of 

arsenic in underground water of study area, during study period, is presented in Fig. 

5.2.2.5. Arsenic contamination in groundwater of industrial zone is clearly visible in 

contour map of study area.  

Many anthropogenic sources which contribute to the arsenic content of natural water 

are the extraction and fusion of metals, the combustion of fossils fuels, the 

preservation of wood, the production and application of pesticides (lead arsenate 

(PbAsO4), calcium arsenate (CaAsO4), magnesium arsenate (MgAsO4), arsenate 

(ZnAsO4) and arsenite (ZnAsO3) of zinc, etc.), use of commercial fertilizers 

(phosphate fertilizers), disposal and incineration of municipal and industrial waste. 

Prolonged consumption of arsenic rich water causes skin diseases (pigmentation & 
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keratosis), non-malignant lung diseases, gastrointestinal disease (dyspepsia & 

gastroentritis), peripheral neuritis, perpheral vascular disease (Black foot disease), 

haematological abnormalities and carcinogenicity (Adhikary & Mandal, 2017). Out of 

total analysed samples 3% of samples were out of standard value (10 µg/L) of arsenic. 

These samples were collected from Bishnuli & Dujana water quality station in year 

2016. Singh et al., (2011) reported arsenic content (3 to 119 µg/L) of groundwater of 

Noida metropolitan city of Uttar Pradesh. Kumar et al., (2017) recorded a range of 

0.07 to 237 µg/L in groundwater of Chhaprola industrial area of Gautam Buddha 

Nagar of Uttar Pradesh. They analysed that all the collected samples (except one) 

were within the standard limit of WHO and BIS. Kumar et al., 2019 reported that 30% 

of analysed samples of Saharanpur district of Uttar Pradesh exceeded the standard 

value of arsenic of BIS and WHO. Similar type of studies were done by many 

researchers (Sekhon & Singh, 2013 in Patiala district of Punjab; Kumar et al., 2015 in 

Fazilka district of Punjab; Kumar et al., 2016 in middle gangetic plain of Bihar; Patel 

et al., 2017 in Rajnandgaon District of Chhattisgarh).  

  

Fig. 5.2.2.1 Empirical probability distribution of 

Arsenic concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.2.2 Empirical probability distribution of 

Arsenic concentration in Groundwater samples 

(in year 2017) 
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Fig. 5.2.2.3 Empirical probability distribution of Arsenic concentration in Groundwater samples 

(in year 2017) 

 

Fig. 5.2.2.4 Box and Whisker plot of Arsenic concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.5 Spatial distribution of Arsenic in Groundwater samples during study period  

(2016-2018) 
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5.2.2.2 Cadmium 

In the earth’s crust, cadmium is uniformly distributed in association with zinc, lead 

and copper ores but normally estimated to be present at a mean concentration of 0.15 

to 0.2 mg/kg. A relatively lesser amount of cadmium is found in water bodies in 

combined forms such as carbonates, hydroxides, chlorides or sulphates (Morrow, 

2001). Even in contaminated aquifers, cadmium concentration is very less and 

sometimes not detectable. Cadmium is a highly toxic metal and is a well known 

carcinogen for human beings. Few recent studies also identified the toxicity of 

cadmium to skeletal system of humans. A very small amount of cadmium can 

adversely affect human renal system. On the basis of toxicity of cadmium, BIS (2012) 

laid the desirable limit of 3 µg/L cadmium in drinking water without any relaxation. 

WHO, (2017) also propose a guideline value of 3 µg/L of cadmium in drinking water. 

Untreated effluent of many industries; textile industry, paint industry, cadmium-

stabilized plastics, battery industry, plating industry etc., is contaminating natural 

water (Rani et al., 2014). Cadmium toxicity in textile mills effluents was studied by 

Bhardwaj et al., (2014). 

During study period, analytical results of cadmium in all twenty-two groundwater 

samples are given in Table – 5.2.2.3 and 5.2.2.4.  

The concentration of cadmium ranged from 0.004 to 5.997 µg/L with the mean value 

of 1.195 µg/L in the whole study period. Minimum value of 0.004 µg/L was recorded 

from Duryai water quality station in post-monsoon sample of year 2017 and 

maximum value of 5.997 µg/L was recorded from Dujana water quality station in pre-

monsoon sample of year 2018. During 2016 the variation in cadmium content of 

groundwater was from 0.008 to 5.447 µg/L with a mean value of 1.341 ± 1.570 while, 

in 2017 it ranged from a minimum of 0.004 µg/L to a maximum of 4.825 µg/L. It was 

observed that values ranged from 0.008 to 5.997 µg/L during 2018. In year 2016 it 

was found maximum at Dujana water quality station and in year 2017 the minimum 

cadmium concentration was observed at Duryai water quality station and maximum at 

Dujana with a mean of 1.062 ± 1.242 µg/L. In 2018 it was found maximum at Dujana 

site and minimum at Duryai water quality station with a mean of 1.183 ± 1.520 µg/L. 
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Table – 5.2.2.3 Seasonal Variation in Cadmium concentration (in µg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

Pre-monsoon 0.022 0.005 0.035

Post-monsoon 0.016 0.004 0.031

Pre-monsoon 0.014 0.017 0.02

Post-monsoon 0.008 0.018 0.019

Pre-monsoon 0.038 0.007 0.009

Post-monsoon 0.022 0.006 0.008

Pre-monsoon 0.158 0.015 0.112

Post-monsoon 0.118 0.014 0.11

Pre-monsoon 1.02 0.166 0.266

Post-monsoon 0.944 0.148 0.199

Pre-monsoon 0.846 1.135 0.923

Post-monsoon 0.796 0.914 0.832

Pre-monsoon 0.633 0.566 0.759

Post-monsoon 0.52 0.548 0.675

Pre-monsoon 0.314 0.764 0.188

Post-monsoon 0.213 0.712 0.177

Pre-monsoon 0.144 0.117 0.119

Post-monsoon 0.139 0.106 0.101

Pre-monsoon 1.08 0.129 0.224

Post-monsoon 1 0.12 0.22

Pre-monsoon 0.048 0.028 0.114

Post-monsoon 0.039 0.027 0.112

Pre-monsoon 0.886 0.113 0.556

Post-monsoon 0.781 0.115 0.488

Pre-monsoon 0.288 0.068 0.068

Post-monsoon 0.238 0.055 0.061

Pre-monsoon 5.447 4.825 4.992

Post-monsoon 5.135 3.344 4.502

Pre-monsoon 2.65 3.115 2.344

Post-monsoon 1.933 2.892 2.103

Pre-monsoon 5.322 3.668 5.997

Post-monsoon 4.581 2.991 5.102

Pre-monsoon 2.302 1.778 1.007

Post-monsoon 2.111 1.113 1.002

Pre-monsoon 2.118 2.556 2.651

Post-monsoon 1.988 2.178 2.132

Pre-monsoon 1.88 1.443 1.685

Post-monsoon 1.752 1.237 1.607

Pre-monsoon 1.482 1.761 1.882

Post-monsoon 1.311 1.349 1.543

Pre-monsoon 3.665 2.559 2.872

Post-monsoon 2.997 2.113 2.335

Pre-monsoon 1.008 0.975 0.943

Post-monsoon 1.002 0.911 0.923

Residential

S19 Sadopur 6.81% 14.28% 4.63%

S20 Dairy Maccha 11.54% 23.40%

S22 Badhpura 0.60% 6.56% 2.12%

18.01%

S21
Dhoom 

Manikpur
18.23% 17.43% 18.70%

S17 Dujana 8.30% 37.40% 0.50%

S18 Badalpur 6.14% 14.79% 19.58%

S15 Dujana 27.06% 7.16% 10.28%

S16 Dujana 13.92% 18.46% 14.92%

S13 Achheja 17.36% 19.12% 10.29%

S14 Dujana 5.73% 30.69% 9.82%

S11 Bishnuli 18.75% 3.57% 1.75%

S12 Achheja 11.85% -1.77% 12.23%

S9 Bisrakh Road 3.47% 9.40% 15.13%

S10
Khera 

Dharampura
7.41% 6.98% 1.79%

S7 Bisrakh Road 17.85% 3.18% 11.07%

S8 Bisrakh Road 32.17% 6.81% 5.85%

Industrial 

S5 Bisrakh Road 7.45% 10.84%

42.86% -5.88% 5.00%

S3 Duryai 42.11% 14.29% 11.11%

25.19%

S6 Bisrakh Road 5.91% 19.47% 9.86%

S4 Talabpur 25.32% 6.67% 1.79%

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 27.27% 20.00% 11.43%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table – 5.2.2.4 Statistical Summary of Cadmium (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.014 Duryai 0.008 Duryai  0.005 Duryai 0.004 Duryai 0.009 Duryai 0.008 Duryai 

Max. 5.447 Dujana 5.135 Dujana 4.825 Dujana 3.344 Dujana 5.997 Dujana 5.102 Dujana 

Mean 1.426 1.257 1.173 0.951 1.262 1.104 

St. Dev. 1.613 1.432 1.394 1.090 1.645 1.419 

 

In agricultural zone cadmium concentration varied from 0.004 to 0.158 µg/L with a 

mean value of 0.034 µg/L. The cadmium content in industrial zone ranged between 

0.027 and 5.997 µg/L providing a mean value of 1.378 µg/L. Residential zone of 

study area also has a wide range of cadmium concentration with a minimum value of 

0.911 µg/L and a maximum value of 3.665 µg/L. In residential zone, Badhpura water 

quality station has minimum concentration of cadmium in groundwater and Dhoom 

Manikpur station has maximum value. 

Higher value of cadmium was noted in pre-monsoon samples and decreased in post-

monsoon samples. Two samples (S2 & S12) collected from Duryai and Achheja water 

quality station in year 2017 have slightly elevated content of cadmium in post-

monsoon season. This may be due to the presence of a drain near the source of 

groundwater sample.  

The empirical probability distribution plots of cadmium in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) are 

given in Fig. 5.2.2.6, 5.2.2.7 and 5.2.2.8 respectively. Box and whisker plot of 

cadmium level in groundwater showed that a wide range of cadmium concentration 

was obtained from the analysed samples (Fig. 5.2.2.9). Spatial distribution of 

cadmium in groundwater of study area is given in Fig. 5.2.2.10. It was found that the 

samples showing a hike in the cadmium value, were collected mainly from Dujana 

water quality station and one sample from Dhoom Manikpur water quality station. 

The waste products released from the CHW Forge industry, where forging and flange 

was carried out, were responsible for contamination of ground aquifers with 

cadmium. A pipe manufacturing unit was also running in this area. The effluent of 

this industry also contaminated the water resources. A cement manufacturing unit - 
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Ambuja cement Ltd. was present in Dhoom Manikpur. The dumping of industrial 

wastes of this industry contributed to the cadmium level in ground aquifers.  

Out of total analysed sample, nearly 10% of samples crossed the limits of cadmium as 

set by WHO and BIS. Ullah et al., (2009) reported that a large amount of processed 

water was dumped by the industry into nearby agricultural lands, ponds, open ditches, 

rivers, streams and open land. This waste water had various dissolved toxic 

substances and heavy metals. Percolation of hazardous chemicals from the toxic 

effluents contaminated potable water supplies. Sekhon & Singh, (2013) reported 

anthropogenic source of cadmium in groundwater of Patiala district of Punjab. Similar 

type of study was carried out by Kumar et al., (2015) in Fazilka district of Punjab. 

Idrees et al., (2018) investigated the cadmium content of groundwater and its toxic 

effects in four district of west Uttar Pradesh (Shahjehanpur (0.06 ± 0.01 mg/L), 

Bareilly (0.07 ± 0.01 mg/L), Moradabad (0.06 ± 0.01 mg/L) and Rampur (0.05 ± 

0.01). 

  

Fig. 5.2.2.6 Empirical probability distribution of 

Cadmium concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.2.7 Empirical probability distribution of 

Cadmium concentration in Groundwater 

samples (in year 2017) 
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Fig. 5.2.2.8 Empirical probability distribution of Cadmium concentration in Groundwater 

samples (in year 2018) 

 

Fig. 5.2.2.9 Box and Whisker plot of Cadmium concentration in Groundwater samples during 

study period (2016-2018) 

 

 

 

 

 



                                                  Drinking Suitability of Groundwater 

209 | P a g e  
 

  

2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.10 Spatial distribution of Cadmium in Groundwater samples during study period 

(2016-2018) 
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5.2.2.3 Chromium 

Chromium is an essential vital element required for healthy human body (Ogoyi et al., 

2011). In minute quantity, Cr (III) is appeared to be a necessary part of diet of healthy 

person. It prevent human body from metabolic disorders and diabetes. Chromium (III) 

is required for the metabolism of glucose and lipids. Chromium is present in the 

effluent of different industries such as tanning and leather manufacturing, paints and 

pigments, electroplating, textile, dying, fungicides, ceramics, photography and metal 

processing etc. Chromium is present in aqueous media mainly in two oxidation states 

Cr (III) and Cr (VI). Trivalent Chromium (in small quantity) is required for biological 

metabolism but hexavalent Chromium is toxic and carcinogenic to humans. Cr (VI) is 

500 times more toxic than Cr (III) (Belay, 2010). In solutions Cr (VI) can be present 

in different forms (like chromate Cr2O4
2-

, hydrochromate HCrO4
-
 or dichromate 

Cr2O7
2-

) depending upon the pH of the solution. The standard limit of chromium in 

drinking water prescribed by WHO & BIS is 50 µg/L. The prolonged consumption of 

chromium contaminated water causes body weakness, kidney and liver damage, 

ulcers on the skin and paralysis. 

During study period, analytical results of chromium in all twenty-two groundwater 

samples are given in Table – 5.2.2.5 and 5.2.2.6.  

In study area, chromium concentration of groundwater ranged from 5.189 µg/L to 

40.02 µg/L with a mean of 13.868 µg/L. Minimum concentration of chromium was 

obtained from Duryai water quality station in post-monsoon sample of year 2017. 

Sample collected from Bisrakh water quality station in pre-monsoon sample of year 

2017 showed maximum concentration of chromium. In year 2016, 2017 and 2018, 

chromium concentration ranged from 6.003 µg/L (in post-monsoon season, Bishnuli) 

to 37.52 µg/L (in pre-monsoon season, Dujana), 5.189 µg/L (in post-monsoon season, 

Duryai) to 40.02 µg/L (in pre-monsoon season, Bisrakh Road) and 6.311 µg/L (in 

post-monsoon season, Dhoom Manikpur) to 39.877 µg/L (in pre-monsoon season, 

Bisrakh Road) respectively.  
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Table – 5.2.2.5 Seasonal Variation in Chromium concentration (in µg/L) of Groundwater 

samples during year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 10.414 8.941 8.918

Post-monsoon 9.817 8.631 8.387

Pre-monsoon 7.528 6.662 7.618

Post-monsoon 7.189 5.189 7.221

Pre-monsoon 9.326 9.24 10.443

Post-monsoon 9.317 9.221 10.428

Pre-monsoon 9.154 8.978 8.8

Post-monsoon 9.012 8.832 8.692

Pre-monsoon 15.43 10.79 12.684

Post-monsoon 15.345 10.704 12.571

Pre-monsoon 14.573 14.57 18.551

Post-monsoon 14.457 14.823 18.441

Pre-monsoon 35.12 40.02 39.877

Post-monsoon 34.985 39.685 39.811

Pre-monsoon 9.315 8.12 9.844

Post-monsoon 9.188 7.997 9.701

Pre-monsoon 8.532 6.5 8.527

Post-monsoon 8.418 6.412 8.468

Pre-monsoon 11.428 13.23 13.219

Post-monsoon 11.325 13.106 13.012

Pre-monsoon 6.154 7.45 7.622

Post-monsoon 6.003 7.381 7.498

Pre-monsoon 16.895 17.22 17.43

Post-monsoon 16.716 17.156 17.306

Pre-monsoon 8.971 9.09 9.131

Post-monsoon 8.816 8.986 9.003

Pre-monsoon 15.278 15.641 18.236

Post-monsoon 15.155 15.491 18.097

Pre-monsoon 8.823 9.43 9.542

Post-monsoon 8.704 9.309 9.414

Pre-monsoon 9.832 9.91 10.214

Post-monsoon 9.611 9.813 10.106

Pre-monsoon 37.52 38.26 38.971

Post-monsoon 37.318 38.108 38.821

Pre-monsoon 31.755 31.82 32.314

Post-monsoon 31.631 31.719 31.177

Pre-monsoon 10.983 11.15 11.481

Post-monsoon 10.856 11.112 11.4

Pre-monsoon 9.31 10.01 10.317

Post-monsoon 9.272 10 10.208

Pre-monsoon 6.362 6.37 6.421

Post-monsoon 6.3 6.278 6.311

Pre-monsoon 8.241 8.1 8.241

Post-monsoon 8.167 8.008 8.128

Residential

S19 Sadopur 1.16% 0.34% 0.71%

S20 Dairy Maccha 0.41% 0.10%

S22 Badhpura 0.90% 1.14% 1.37%

1.06%

S21
Dhoom 

Manikpur
0.97% 1.44% 1.71%

S17 Dujana 0.54% 0.40% 0.38%

S18 Badalpur 0.39% 0.32% 3.52%

S15 Dujana 1.35% 1.28% 1.34%

S16 Dujana 2.25% 0.98% 1.06%

S13 Achheja 1.73% 1.14% 1.40%

S14 Dujana 0.81% 0.96% 0.76%

S11 Bishnuli 2.45% 0.93% 1.63%

S12 Achheja 1.06% 0.37% 0.71%

S9 Bisrakh Road 1.34% 1.35% 0.69%

S10
Khera 

Dharampura
0.90% 0.94% 1.57%

S7 Bisrakh Road 0.38% 0.84% 0.17%

S8 Bisrakh Road 1.36% 1.51% 1.45%

Industrial 

S5 Bisrakh Road 0.55% 0.80%

4.50% 22.11% 5.21%

S3 Duryai 0.10% 0.21% 0.14%

0.89%

S6 Bisrakh Road 0.80% -1.74% 0.59%

S4 Talabpur 1.55% 1.63% 1.23%

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 5.73% 3.47% 5.95%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table – 5.2.2.6 Statistical Summary of Chromium (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 6.154 Bishnuli 6.003 Bishnuli 6.37 
Dhoom 

Manikpur 
5.189 Duryai 6.421 

Dhoom 

Manikpur 
6.311 

Dhoom 

Manikpur 

Max. 37.52 Dujana 37.318 Dujana 40.02 
Bisrakh 

Road 
39.685 

Bisrakh 

Road 
39.877 

Bisrakh 

Road 
39.811 

Bisrakh 

Road 

Mean 13.679 13.527 13.705 13.544 14.473 14.282 

St. Dev. 9.094 9.094 9.869 9.887 9.854 9.788 

 

In agricultural zone of study area, chromium concentration varied from 5.189 to 

10.443 µg/L with a mean of 8.665 µg/L. A wide variation was observed in chromium 

concentration in industrial zone (6.003 to 40.02 µg/L). Residential zone had 

chromium concentration from 6.278 to 11.481 µg/L. Minimum value of chromium 

was obtained from Dhoom Manikpur station and maximum from Sadopur station.  

Percent change from pre-monsoon to post-monsoon season revealed decrease in 

chromium concentration after rainfall due to recharge of ground aquifers. Only one 

sample collected from Bisrakh Road station in year 2017, has slight increase in 

chromium content after rainfall. The reason behind the increase in chromium content 

was presence of iron and steel industries near the source of sample. 

Distribution plot of Chromium concentration in groundwater samples throughout the 

study period (2016, 2017 & 2018) at all twenty-two water quality stations is presented 

in Fig. 5.2.2.11, 5.2.2.12 & 5.2.2.13, respectively. A gradual increase was observed in 

mean concentration of chromium from 2016 to 2018 (13.603 < 13.624 < 14.377 µg/L) 

through Box and Whisker plot (Fig. 5.2.2.14). Spatial distribution map of chromium 

content of groundwater in study area also showed relative level of chromium at 

studied water quality stations (Fig. 5.2.2.15). 

All the analysed samples have chromium concentration below the standard limit of 

BIS and WHO. Presence of high amount of chromium in the vicinity of tannery unit 

was reported by several authors (Brindha, 2012; Oruku, 2014; Azom, 2012 & 

Ramesh, 2014). 
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Fig. 5.2.2.11 Empirical probability distribution of 

Chromium concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.2.12 Empirical probability distribution of 

Chromium concentration in Groundwater samples 

(in year 2017) 

 

 

Fig. 5.2.2.13 Empirical probability distribution of Chromium concentration in Groundwater 

samples (in year 2018) 
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Fig. 5.2.2.14 Box and Whisker plot of Chromium concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.15 Spatial distribution of Chromium in Groundwater samples during study period 

(2016-2018) 
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5.2.2.4 Copper 

The occurrence of copper in different sphere of earth is wide. Its concentration in 

earth crust is found 68 ppm, in soil 9 to 33 ppm, in rivers 4 to 12 µg/L and in 

groundwater < 0.1 mg/L (APHA, 2012). Copper metal is widely used for commercial 

purpose (paints, ceramics, pesticides, and in the chemical industry). In nature, it is 

present in three states- elemental state, ionic states; cuprous and cupric. The 

anthropogenic sources of copper in aquifers are copper mining and smelting, 

corrosion of copper alloys in pipe fittings, steel industry, power plants, agricultural 

activities and sewer sludge. It is a necessary metal for the proper growth of an 

organism and iron metabolism. The recommended value of copper intake by a healthy 

person is 1.53 mg/day (NRC, 1989). Higher intake of copper causes toxicity in 

humans and young children are more susceptible to copper toxicity. High 

concentration of copper in human body results into damage of liver and kidney. 

Prolonged exposure to copper fumes may cause metal fume fever with atrophic 

changes in mucous membrane of nasal cavity. The Swedish standard for copper 

content in drinking water is 2 mg/L which can prevent acute toxicity symptoms of 

copper (Livsmedelsverket fo¨ rfattningssamling, 2005).  

During study period, analytical results of copper in all twenty-two groundwater 

samples are given in Table – 5.2.2.7 and 5.2.2.8.  

BIS: 10500 (2012) sets the acceptable limit of copper 50 µg/L in drinking water and 

1500 µg/L as a permissible value. WHO gives a health based guideline value of 2000 

µg/L for copper for drinking water. Copper content of water higher than 500 µg/L 

gives unpleasant taste and colour to it. During study period, the mean value of copper 

in analysed samples was 4.046 ± 1.830 µg/L which was far below the standard values 

of copper given by BIS and WHO. Minimum value of copper 1.005 µg/L was 

obtained from Bisrakh Road water quality station in post-monsoon sample of year 

2017 and maximum value of 8.719 µg/L was found at Talabpur station in pre-

monsoon sample of year 2018.  
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Table – 5.2.2.7 Seasonal Variation in Copper concentration (in µg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

 

Pre-monsoon 6.813 4.218 5.775

Post-monsoon 6.327 3.823 5.821

Pre-monsoon 3.872 2.88 2.514

Post-monsoon 3.835 2.871 2.525

Pre-monsoon 2.745 1.993 2.831

Post-monsoon 2.752 1.99 2.82

Pre-monsoon 4.361 3.602 8.719

Post-monsoon 4.392 3.628 8.71

Pre-monsoon 6.331 2.17 2.964

Post-monsoon 6.54 2.218 2.971

Pre-monsoon 6.716 6.518 7.436

Post-monsoon 6.72 6.515 7.647

Pre-monsoon 3.156 2.07 2.897

Post-monsoon 3.004 2.12 2.885

Pre-monsoon 6.13 4.86 4.982

Post-monsoon 6.006 4.744 4.849

Pre-monsoon 2.413 1.16 2.225

Post-monsoon 2.338 1.005 2.185

Pre-monsoon 5.156 4.61 4.971

Post-monsoon 5.118 4.583 4.922

Pre-monsoon 8.412 8.203 8.319

Post-monsoon 8.45 8.225 8.31

Pre-monsoon 4.382 4.42 4.442

Post-monsoon 4.388 4.431 4.445

Pre-monsoon 3.716 2.98 3.418

Post-monsoon 3.721 2.995 3.441

Pre-monsoon 4.551 4.96 4.872

Post-monsoon 4.564 4.985 4.884

Pre-monsoon 4.138 4.14 4.562

Post-monsoon 4.13 4.121 4.549

Pre-monsoon 4.312 4.75 4.798

Post-monsoon 4.294 4.738 4.781

Pre-monsoon 1.935 1.73 1.831

Post-monsoon 1.919 1.742 1.848

Pre-monsoon 2.63 2.9 3.512

Post-monsoon 2.632 2.905 3.547

Pre-monsoon 1.665 1.88 1.895

Post-monsoon 1.658 1.78 1.891

Pre-monsoon 4.641 4.79 6.187

Post-monsoon 4.628 4.74 6.18

Pre-monsoon 2.831 2.92 2.954

Post-monsoon 2.84 2.935 2.955

Pre-monsoon 2.271 2.22 2.427

Post-monsoon 2.274 2.225 2.43

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 7.13% 9.36% -0.80%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Industrial 

S5 Bisrakh Road -3.30% -2.21%

0.96% 0.31% -0.44%

S3 Duryai -0.26% 0.15% 0.39%

-0.24%

S6 Bisrakh Road -0.06% 0.05% -2.84%

S4 Talabpur -0.71% -0.72% 0.10%

S7 Bisrakh Road 4.82% -2.42% 0.41%

S8 Bisrakh Road 2.02% 2.39% 2.67%

S9 Bisrakh Road 3.11% 13.36% 1.80%

S10
Khera 

Dharampura
0.74% 0.59% 0.99%

S11 Bishnuli -0.45% -0.27% 0.11%

S12 Achheja -0.14% -0.25% -0.07%

S13 Achheja -0.13% -0.50% -0.67%

S14 Dujana -0.29% -0.50% -0.25%

S15 Dujana 0.19% 0.46% 0.28%

S16 Dujana 0.42% 0.25% 0.35%

S17 Dujana 0.83% -0.69% -0.93%

S18 Badalpur -0.08% -0.17% -1.00%

Residential

S19 Sadopur 0.42% 5.32% 0.21%

S20 Dairy Maccha 0.28% 1.04%

S22 Badhpura -0.13% -0.23% -0.12%

0.11%

S21
Dhoom 

Manikpur
-0.32% -0.51% -0.03%
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Table – 5.2.2.8 Statistical Summary of Copper (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 1.665 Sadopur 1.658 Sadopur 1.16 
Bisrakh 

Road 
1.005 

Bisrakh 

Road 
1.831 Dujana 1.848 Dujana 

Max. 8.412 Bishnuli 8.45 Bishnuli 8.203 Bishnuli 8.225 Bishnuli 8.719 Talabpur 8.71 Talabpur 

Mean 4.235 4.206 3.635 3.605 4.297 4.300 

St. Dev. 1.784 1.772 1.709 1.713 2.010 2.023 

 

In three consecutive years of study (2016 to 2018), the mean value of copper was 

4.221, 3.620 and 4.298 µg/L respectively. Copper concentration ranged from 1.658 

µg/L to 8.45 µg/L (in year 2016), 1.005 µg/L to 8.225 µg/L (in year 2017) and 1.831 

µg/L to 8.719 µg/L (in year 2018). In year 2016 & 2017, maximum value was 

obtained from Bishnuli station while in year 2018, Talabpur station has maximum 

value of copper.  

In agricultural zone of study area, copper content varied from 1.99 µg/L (at Duryai 

station in year 2017) to 8.719 µg/L (at Talabpur station in year 2018) with a mean 

value of 4.159 µg/L. Industrial zone of study area showed copper content from 1.005 

µg/L (at Bisrakh Road station in year 2017) to 8.45 µg/L (at Bishnuli station in year 

2016) with a mean of 4.299 µg/L. In residential zone, a minimum value of 1.658 µg/L 

was obtained from Sadopur station in year 2016 and a maximum value of 6.187 µg/L 

at Dairy Maccha station in year 2018.  

Percent change in copper concentration from pre-monsoon to post-season revealed 

that at few stations copper content of groundwater decreased. Majority of samples 

showed increase in copper content after rainfall due to dissolution of metal. 

The empirical probability distribution plot of copper concentration in groundwater 

samples collected from study area during three consecutive year (2016, 2017 & 2018) 

is given in Fig. 5.2.2.16, 5.2.2.17 and 5.2.2.18 respectively. Box and Whisker plot 

was also drawn to know the distributional characteristics of copper concentration of 

groundwater during study period (Fig. 5.2.2.19). Contour map of copper content of all 
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analysed groundwater samples during study period showed relatively higher 

concentration at industrial and agricultural region (Fig 5.2.2.20).  

Copper is a major component of metallo-enzymes in living beings. It is also required 

for synthesis of haemoglobin and as a catalyst during various matabolic reactons 

(Dural et al., 2007). During whole study period, copper content of groundwater 

remained below the guideline value of BIS and WHO. Ibraheem & Khan, (2017) 

stated a mean concentration of 111 µg/L in groundwater of Perambalur district of 

Tamilnadu. Similar types of results were obtained by many researchers (Brindha et 

al., 2010; Rajappa et al., 2010; Adelekan & Abegunde, 2011; Anake et al., 2014; 

Ćurković et al., 2016; Nwankwoala et al., 2016). 

  

Fig. 5.2.2.16 Empirical probability distribution 

of Copper concentration in Groundwater 

samples (in year 2016) 

Fig. 5.2.2.17 Empirical probability distribution 

of Copper concentration in Groundwater 

samples (in year 2017) 

 

 

Fig. 5.2.2.18 Empirical probability distribution of Copper concentration in Groundwater samples 

(in year 2018) 
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Fig. 5.2.2.19 Box and Whisker plot of Copper concentration in Groundwater samples during 

study period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.20 Spatial distribution of Copper in Groundwater samples during study period 

 (2016-2018) 
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5.2.2.5 Nickel 

Presence of nickel, in trace amount, is essential for animals, plants and micro-

organisms. Its deficiency or toxicity can happen when adequate amount of nickel is 

not ingested (Cempel & Nikel, 2006). It is twenty-fourth most abundant element on 

earth. In earth’s crust, natural concentration of nickel is 1.2 mg/L, in soils 2.5 mg/L 

and in groundwater 0.1 mg/L. The major ores of nickel are pyrrhotite, garnierite, 

nickelite (NiAs), millerite (NiS) and pentlandite (Ni, FeS). Nickel is used in many 

commercial products like alloys (stainless steel), magnets, protective coatings, 

catalyst and batteries. Nickel content of environment increases due to various human 

activities like mining works, steel manufacturing units, electroplating, emission of 

smelters, burning of fossil fuels, sewage, and agricultural runoff. Nickel salts are 

highly soluble in water and hence easily entered into aquatic environment. Nickel is 

ubiquitous in nature and plays a crucial role in functioning of many organisms but its 

high concentrations may be toxic to living organisms. Intake of excessive amount of 

nickel causes skin allergy. Nickel is reported as one of the most common cause of 

allergic contact dermatitis (Clarkson, 1988). Very high concentration of nickel is 

carcinogenic to human and cause changes in muscle, brain, lungs, liver, and kidney 

(Ramteke & Moghe, 1986).   

During study period, analytical results of nickel in all twenty-two groundwater 

samples are given in Table – 5.2.2.9 and 5.2.2.10.  

The nickel content in analysed samples varied from 0.377 to 14.56 µg/L with a mean 

value of 6.202 ± 3.946 µg/L. Its minimum concentration was obtained from Achheja 

water quality station and maximum from Badalpur station. In year 2016 it was found 

minimum (0.418 µg/L) at Achheja water quality station in post-monsoon season and 

maximum (14.419 µg/L) at Bisrakh Road water quality station in pre-monsoon season 

with a mean of 6.145 µg/L. During year 2017 & 2018 nickel content of groundwater 

ranged from 0.377 to 14.26 µg/L & 0.442 to 14.56 µg/L respectively. In both the year 

maximum concentration of nickel was obtained from Badalpur water quality station.  
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Table – 5.2.2.9 Seasonal Variation in Nickel concentration (in µg/L) of Groundwater samples 

during year 2016, 2017 & 2018  

 

 

 

 

Pre-monsoon 3.16 2.24 2.532

Post-monsoon 3.017 2.171 2.118

Pre-monsoon 2.751 1.73 2.615

Post-monsoon 2.735 1.698 2.602

Pre-monsoon 3.819 4.78 4.665

Post-monsoon 3.801 4.518 4.61

Pre-monsoon 7.233 6.33 7.551

Post-monsoon 7.151 6.261 7.423

Pre-monsoon 14.419 12.12 12.975

Post-monsoon 14.221 12.108 12.416

Pre-monsoon 13.378 13.556 10.388

Post-monsoon 13.119 13.324 10.112

Pre-monsoon 3.553 8.95 7.421

Post-monsoon 3.344 8.812 7.306

Pre-monsoon 7.426 7.55 7.853

Post-monsoon 7.318 7.428 7.711

Pre-monsoon 10.416 9.85 9.744

Post-monsoon 10.218 9.642 9.608

Pre-monsoon 9.862 9.78 10.124

Post-monsoon 9.791 9.682 10.102

Pre-monsoon 5.187 4.621 4.961

Post-monsoon 4.87 4.325 4.431

Pre-monsoon 3.439 3.56 3.772

Post-monsoon 3.428 3.558 3.76

Pre-monsoon 0.429 0.39 0.452

Post-monsoon 0.418 0.377 0.442

Pre-monsoon 7.186 6.9 7.217

Post-monsoon 7.097 6.811 7.104

Pre-monsoon 4.341 4.32 4.727

Post-monsoon 4.216 4.217 4.614

Pre-monsoon 0.921 0.88 0.944

Post-monsoon 0.916 0.868 0.927

Pre-monsoon 7.425 7.89 7.916

Post-monsoon 7.417 7.871 7.903

Pre-monsoon 14.112 14.26 14.56

Post-monsoon 14.108 14.245 14.544

Pre-monsoon 4.776 5.23 5.421

Post-monsoon 4.763 5.222 5.413

Pre-monsoon 8.442 8.65 8.689

Post-monsoon 8.435 8.638 8.672

Pre-monsoon 1.431 1.45 1.573

Post-monsoon 1.428 1.443 1.568

Pre-monsoon 2.423 2.56 2.722

Post-monsoon 2.419 2.553 2.702

Residential

S19 Sadopur 0.27% 0.15% 0.15%

S20 Dairy Maccha 0.08% 0.14%

S22 Badhpura 0.17% 0.27% 0.73%

0.20%

S21
Dhoom 

Manikpur
0.21% 0.48% 0.32%

S17 Dujana 0.11% 0.24% 0.16%

S18 Badalpur 0.03% 0.11% 0.11%

S15 Dujana 2.88% 2.38% 2.39%

S16 Dujana 0.54% 1.36% 1.80%

S13 Achheja 2.56% 3.33% 2.21%

S14 Dujana 1.24% 1.29% 1.57%

S11 Bishnuli 6.11% 6.41% 10.68%

S12 Achheja 0.32% 0.06% 0.32%

S9 Bisrakh Road 1.90% 2.11% 1.40%

S10
Khera 

Dharampura
0.72% 1.00% 0.22%

S7 Bisrakh Road 5.88% 1.54% 1.55%

S8 Bisrakh Road 1.45% 1.62% 1.81%

Industrial 

S5 Bisrakh Road 1.37% 0.10%

0.58% 1.85% 0.50%

S3 Duryai 0.47% 5.48% 1.18%

4.31%

S6 Bisrakh Road 1.94% 1.71% 2.66%

S4 Talabpur 1.13% 1.09% 1.70%

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 4.53% 3.08% 16.35%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017
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Table – 5.2.2.10 Statistical Summary of Nickel (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.429 
Achhej

a 
0.418 Achheja 0.39 Achheja 0.377 Achheja 0.452 Achheja 0.442 Achheja 

Max. 14.419 
Bisrakh 

Road 
14.221 

Bisrakh 

Road 
14.26 Badalpur 14.245 Badalpur 14.56 Badalpur 14.544 Badalpur 

Mean 6.188 6.101 6.254 6.171 6.310 6.186 

St. Dev. 4.192 4.157 4.073 4.052 3.844 3.806 

 

In agricultural zone of study area, nickel concentration was found between 1.698 µg/L 

(at Duryai station in 2017) and 7.551 µg/L (at Talabpur station in 2018). In industrial 

zone of study area its concentration in groundwater varied from 0.377 µg/L (at 

Achheja in 2017) to 14.56 µg/L (at Badalpur in 2018). Residential zone showed 

nickel concentration from 1.428 µg/L (at Dhoom Manikpur in 2016) to 8.689 µg/L (at 

Dairy Maccha in 2018). In agricultural, industrial and residential zone, mean value of 

nickel content was 4.063 µg/L, 7.316 µg/L and 4.443 µg/L respectively.  

Percent change of nickel concentration from pre-monsoon to post-monsoon samples 

showed net dilution of groundwater. The empirical probability distribution plot with 

respect to nickel concentration at all the twenty-two water quality stations of the study 

area during study period (2016, 2017 & 2018) is shown in Fig. 5.2.2.21, 5.2.2.22 and 

5.2.2.23 respectively. A gradual increase in mean value of nickel was observed from 

2017 to 2018 (6.145 < 6.213 < 6.248). Box and Whisker plot of nickel content in 

analysed samples collected from study area during three consecutive year (2016, 2017 

& 2018) is given in Fig. 5.2.2.24. GIS map of nickel content in groundwater of study 

area showed that higher nickel content in groundwater of Bisrakh Road & Badalpur 

water quality station (Fig. 5.2.2.25).  

BIS: 10500 (2012) gives an acceptable limit of 20 µg/L of nickel in drinking water 

and there is no relaxation in this limit. WHO (2017) sets a health based guideline 

value of 70 µg/L of nickel in drinking water. On the basis of analytical results, it is 

concluded that all the collected samples were within the standard limit of nickel given 

by BIS and WHO. Majolagbe et al., (2017) reported 10 to 80 µg/L of nickel in 

groundwater of Lagos, Nigeria. Nickel content of groundwater was studied by several 
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researchers (Adelekan & Abegunde, 2011; Ayedun et al., 2012; Sekhon & Singh, 

2013; Nwankwoala et al., 2016). 

  

Fig. 5.2.2.21 Empirical probability distribution of 

Nickel concentration in Groundwater samples  

(in year 2016) 

Fig. 5.2.2.22 Empirical probability distribution of 

Nickel concentration in Groundwater samples 

 (in year 2017) 

 

 

 

Fig. 5.2.2.23 Empirical probability distribution of Nickel concentration in Groundwater samples 

(in year 2018) 
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Fig. 5.2.2.24 Box and Whisker plot of Nickel concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.25 Spatial distribution of Nickel in Groundwater samples during study period  

(2016-2018) 
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5.2.2.6 Lead  

Lead is bluish-grey naturally occurring metal having low melting point. It is found in 

nature in combined form. It is the most widespread toxic metal found in environment. 

Lead is present in environment in small quantity but its concentration can be 

increased due to natural or anthropogenic sources. Lead is used in the manufacturing 

of batteries, plastics, china, ceramic glass and paint products. Lead in seldom present 

in natural drinking water but it can enters due to corrosion and wearing away of lead 

containing materials in water distribution system. Lead poisoning results into 

headache, abdominal pain, numbness, muscular weakness, kidney disorders and 

chronic impairment to the central nervous system and peripheral nervous system 

(Ogwuegbu & Muhanga, 2005). Young or unborn children are more vulnerable to 

lead toxicity as lead is easily absorbed in tissues of growing bodies. Lead affects the 

brain of children and resulted into poor attention span, poor intelligence quotient and 

noticeable learning difficulty (Udedi, 2003). 

During study period, analytical results of lead in all twenty-two groundwater samples 

are given in Table – 5.2.2.11 and 5.2.2.12.  

The content of lead extended from 1.403 to 6.265 µg/L with a mean value of 3.264 ± 

0.966 µg/L, in the whole study period. Minimum value of 1.403 µg/L was recorded 

from Sadopur water quality station in post-monsoon sample of year 2016 and 

maximum value of 6.265 µg/L was recorded from Khera Dharampura water quality 

station in pre-monsoon sample of year 2016.  

During 2016 the variation in lead in groundwater was from 1.403 to 6.265 µg/L while, 

in 2017 it ranged from a minimum of 1.698 µg/L to a maximum of 4.57 µg/L. It was 

observed that values varied from 1.891 to 5.823 µg/L during 2018.  

 

 



                                                  Drinking Suitability of Groundwater 

229 | P a g e  
 

Table - 5.2.2.11 Seasonal Variation in Lead concentration (in µg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

 

 

Pre-monsoon 3.248 2.69 3.916

Post-monsoon 2.792 2.311 3.423

Pre-monsoon 3.55 2.683 2.698

Post-monsoon 3.538 2.672 2.688

Pre-monsoon 3.541 3.35 3.751

Post-monsoon 3.527 3.341 3.648

Pre-monsoon 3.426 3.33 2.827

Post-monsoon 3.388 3.219 2.711

Pre-monsoon 4.416 2.23 2.186

Post-monsoon 4.118 2.012 2.002

Pre-monsoon 2.118 1.97 2.223

Post-monsoon 1.987 1.891 2.116

Pre-monsoon 5.361 4.067 5.269

Post-monsoon 5.146 3.982 5.184

Pre-monsoon 3.615 3.36 3.408

Post-monsoon 3.595 3.211 3.355

Pre-monsoon 3.332 2.36 2.445

Post-monsoon 3.256 2.248 2.311

Pre-monsoon 6.265 3.76 3.842

Post-monsoon 6.176 3.627 3.734

Pre-monsoon 5.618 4.57 5.823

Post-monsoon 5.413 4.303 5.645

Pre-monsoon 2.952 3.02 3.11

Post-monsoon 2.903 3.004 3.097

Pre-monsoon 2.413 2.5 2.532

Post-monsoon 2.397 2.487 2.505

Pre-monsoon 3.371 3.482 3.512

Post-monsoon 3.354 3.465 3.495

Pre-monsoon 3.923 3.94 4.12

Post-monsoon 3.911 3.922 4.097

Pre-monsoon 2.451 2.99 3.135

Post-monsoon 2.438 2.985 3.116

Pre-monsoon 3.776 3.8 3.977

Post-monsoon 3.764 3.781 3.961

Pre-monsoon 3.525 3.78 3.786

Post-monsoon 3.516 3.762 3.771

Pre-monsoon 1.417 1.705 1.902

Post-monsoon 1.403 1.698 1.891

Pre-monsoon 2.218 2.23 2.416

Post-monsoon 2.202 2.218 2.4

Pre-monsoon 3.451 3.66 3.834

Post-monsoon 3.442 3.652 3.828

Pre-monsoon 2.428 2.78 2.624

Post-monsoon 2.425 2.771 2.618

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 14.04% 14.09% 12.59%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Industrial 

S5 Bisrakh Road 6.75% 9.78%

0.34% 0.41% 0.37%

S3 Duryai 0.40% 0.27% 2.75%

8.42%

S6 Bisrakh Road 6.19% 4.01% 4.81%

S4 Talabpur 1.11% 3.33% 4.10%

S7 Bisrakh Road 4.01% 2.09% 1.61%

S8 Bisrakh Road 0.55% 4.43% 1.56%

S9 Bisrakh Road 2.28% 4.75% 5.48%

S10
Khera 

Dharampura
1.42% 3.54% 2.81%

S11 Bishnuli 3.65% 5.84% 3.06%

S12 Achheja 1.66% 0.53% 0.42%

S13 Achheja 0.66% 0.52% 1.07%

S14 Dujana 0.50% 0.49% 0.48%

S15 Dujana 0.31% 0.46% 0.56%

S16 Dujana 0.53% 0.17% 0.61%

S17 Dujana 0.32% 0.50% 0.40%

S18 Badalpur 0.26% 0.48% 0.40%

Residential

S19 Sadopur 0.99% 0.41% 0.58%

S20 Dairy Maccha 0.72% 0.54%

S22 Badhpura 0.12% 0.32% 0.23%

0.66%

S21
Dhoom 

Manikpur
0.26% 0.22% 0.16%
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Table – 5.2.2.12 Statistical Summary of Lead (in µg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 1.417 Sadopur 1.403 Sadopur 1.705 Sadopur 1.698 Sadopur 1.902 Sadopur 1.891 Sadopur 

Max. 6.265 
Khera 

Dharampura 
6.176 

Khera 

Dharampura 
4.57 Bishnuli 4.303 Bishnuli 5.823 Bishnuli 5.654 Bishnuli 

Mean 3.473 3.395 3.103 3.026 3.333 3.254 

St. Dev. 1.164 1.129 0.754 0.753 0.985 0.968 

In agricultural zone of study area, lead content ranged from 2.311 to 3.916 µg/L with 

a mean value of 3.178 µg/L. In industrial zone a minimum value of 1.891 µg/L (at 

Bisrakh Road water quality station in year 2017) and a maximum value of 6.265 µg/L 

(at Khera Dharampura water quality station in year 2016) of lead was observed. In 

residential zone, Sadopur water quality station in year 2016 showed a minimum value 

of lead (1.403 µg/L) and Dhoom Manikpur water quality station in year 2018 showed 

a maximum value of lead (3.834 µg/L). Mean value of lead was found maximum in 

industrial zone of study area. The decreasing order of mean value of lead in study area 

is 3.493 µg/L (industrial zone) > 3.178 µg/L (agricultural zone) > 2.551 µg/L 

(residential zone). 

Percent change in lead value from pre-monsoon to post-monsoon period showed 

decrease in lead concentration after precipitation. Recharging of ground aquifers with 

rain water and evaporation are the two opposing factors which decide the composition 

of groundwater.  

The empirical probability distribution plots of lead content in groundwater samples 

collected from study area during three consecutive year (2016, 2017 & 2018) are 

given in Fig. 5.2.2.26, 5.2.2.27 and 5.2.2.28 respectively. The obtained results of lead 

content of groundwater were also depicted in Box and Whisker plot (Fig. 5.2.2.29). In 

year 2016 it was found maximum at Khera Dharampura water quality station and in 

year 2017 & 2018 the maximum lead concentration was observed at Bishnuli water 

quality station. During whole study period, Sadopur station showed minimum 

concentration of lead in groundwater. GIS map of lead content in groundwater of 

study area showed that in year 2016, a small area of industrial zone have higher lead 

content in groundwater but in year 2017 & 2018, it spread into a comparatively larger 

part of industrial area (Fig. 5.2.2.30).  
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The acceptable limit for lead in drinking water, according to Indian Standard Drinking 

Water-Specification is 0.01 mg/L (10 µg/L) and there is no relaxation. There is no 

health based guideline value for lead however a provisional guideline value of 10 

µg/L is given by WHO on the basis of treatment performance and analytical 

achievability (WHO 2017). Consumption of water, rich in lead, have various effects 

on human body like neural disorders, impaired kidney function, impaired fertility, 

birth abnormalities and cardiovascular disorders. All the analysed samples were well 

below the standard value of lead given by BIS and WHO. Majolagbe et al., 2017 

reported a range of 0 to 1 µg/L in groundwater of in Lagos, Nigeria. Kumar et al., 

(2017) analysed lead content of groundwater (0 to 200 µg/L) in industrial area of 

Uttar Pradesh. Potential health risks on humans on consumption of lead rich water 

were analysed by many researchers in different parts of world (Attisha et al., 2016; 

Belkhiri et al., 2017; Vetrimurugan et al., 2017; Saha et al., 2017). 

  

Fig. 5.2.2.26 Empirical probability distribution 

of Lead concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.2.27 Empirical probability distribution 

of Lead concentration in Groundwater samples 

(in year 2017) 
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Fig. 5.2.2.28 Empirical probability distribution of Lead concentration in Groundwater samples 

(in year 2018) 

 

 

Fig. 5.2.2.29 Box and Whisker plot of Lead concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.30 Spatial distribution of Lead in Groundwater samples during study period 

 (2016-2018) 
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5.2.2.7 Iron 

It is the most abundant heavy metal and fourth most abundant metal in the earth crust. 

It is found in the environment in both organic and inorganic (mainly as Fe II or Fe III) 

state. The major minerals of iron are hematite, magnetite, taconite and pyrite. In 

alkaline water, iron forms insoluble oxides and hydroxides which comes to the 

surface. In groundwater, iron may be found in soluble ferrous state due to anaerobic 

conditions. Iron is an essential element for living beings as it is an important 

component of cytochromes, porphyrins and metalloenzymes. It is an integral part of 

hemoglobin molecule. Iron deficiency is very likely seen in infants, children and 

pregnant women. A daily intake of 6 to 30 mg of iron (depends upon the age and sex) 

is recommended for a healthy person. However intake of excessive amount of iron 

causes hemochromatosis in humans. In this disease, due to accumulation of iron, 

regulatory mechanisms do not work properly and results into tissue damage. 

Excessive consumption of iron present in alcoholic beverages also leads tissue 

damage (Mesı´as et al., 2013; Central Water Commission (CWC), 2014).  

During study period, analytical results of iron in all twenty-two groundwater samples 

are given in Table – 5.2.2.13 and 5.2.2.14. 

The analytical results of iron analysis during study period ranged from 0.071 to 0.692 

mg/L. Its minimum value was obtained from pre-monsoon samples of year 2016 at 

Sadopur water quality station and maximum value was found in groundwater samples 

of pre-monsoon season of year 2018 at Bisrakh Road station with a mean value of 

0.312 mg/L. During 2016, iron concentration ranged from 0.071 to 0.675 with a mean 

of 0.316 ± 0.154 mg/L. In year 2017, the base value of 0.086 mg/L was obtained from 

Sadopur station and maximum value (0.687 mg/L) was obtained from Bisrakh Road 

station. The range of iron, in year 2018, was 0.121 to 0.692 mg/L with mean 0.338 

mg/L. During study period the maximum mean value of iron was obtained in year 

2018. 
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Table – 5.2.2.13 Seasonal Variation in Iron concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

 

Pre-monsoon 0.661 0.578 0.561

Post-monsoon 0.675 0.534 0.582

Pre-monsoon 0.541 0.484 0.498

Post-monsoon 0.552 0.481 0.501

Pre-monsoon 0.231 0.116 0.243

Post-monsoon 0.236 0.121 0.24

Pre-monsoon 0.31 0.201 0.241

Post-monsoon 0.331 0.256 0.24

Pre-monsoon 0.121 0.094 0.212

Post-monsoon 0.135 0.104 0.21

Pre-monsoon 0.488 0.518 0.515

Post-monsoon 0.5 0.52 0.53

Pre-monsoon 0.526 0.687 0.692

Post-monsoon 0.53 0.673 0.681

Pre-monsoon 0.326 0.233 0.373

Post-monsoon 0.318 0.242 0.382

Pre-monsoon 0.278 0.119 0.283

Post-monsoon 0.255 0.128 0.285

Pre-monsoon 0.241 0.163 0.256

Post-monsoon 0.25 0.199 0.27

Pre-monsoon 0.285 0.183 0.266

Post-monsoon 0.293 0.19 0.273

Pre-monsoon 0.356 0.371 0.385

Post-monsoon 0.361 0.378 0.387

Pre-monsoon 0.24 0.119 0.231

Post-monsoon 0.238 0.123 0.235

Pre-monsoon 0.448 0.438 0.515

Post-monsoon 0.451 0.442 0.522

Pre-monsoon 0.286 0.294 0.315

Post-monsoon 0.271 0.281 0.302

Pre-monsoon 0.517 0.506 0.582

Post-monsoon 0.529 0.531 0.592

Pre-monsoon 0.178 0.181 0.231

Post-monsoon 0.177 0.176 0.228

Pre-monsoon 0.261 0.211 0.278

Post-monsoon 0.263 0.218 0.28

Pre-monsoon 0.071 0.086 0.121

Post-monsoon 0.082 0.092 0.13

Pre-monsoon 0.187 0.19 0.214

Post-monsoon 0.188 0.193 0.218

Pre-monsoon 0.192 0.199 0.195

Post-monsoon 0.19 0.205 0.198

Pre-monsoon 0.162 0.173 0.183

Post-monsoon 0.16 0.172 0.185

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai -2.12% 7.61% -3.74%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Industrial 

S5 Bisrakh Road -11.57% -10.64%

-2.03% 0.62% -0.60%

S3 Duryai -2.16% -4.31% 1.23%

0.94%

S6 Bisrakh Road -2.46% -0.39% -2.91%

S4 Talabpur -6.77% -27.36% 0.41%

S7 Bisrakh Road -0.76% 2.04% 1.59%

S8 Bisrakh Road 2.45% -3.86% -2.41%

S9 Bisrakh Road 8.27% -7.56% -0.71%

S10
Khera 

Dharampura
-3.73% -22.09% -5.47%

S11 Bishnuli -2.81% -3.83% -2.63%

S12 Achheja -1.40% -1.89% -0.52%

S13 Achheja 0.83% -3.36% -1.73%

S14 Dujana -0.67% -0.91% -1.36%

S15 Dujana 5.24% 4.42% 4.13%

S16 Dujana -2.32% -4.94% -1.72%

S17 Dujana 0.56% 2.76% 1.30%

S18 Badalpur -0.77% -3.32% -0.72%

Residential

S19 Sadopur -15.49% -6.98% -7.44%

S20 Dairy Maccha -0.53% -1.58%

S22 Badhpura 1.23% 0.58% -1.09%

-1.87%

S21
Dhoom 

Manikpur
1.04% -3.02% -1.54%
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Table – 5.2.2.14 Statistical Summary of Iron (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.071 Sadopur 0.082 Sadopur 0.086 Sadopur 0.092 Sadopur 0.121 Sadopur 0.130 Sadopur 

Max. 0.661 Duryai 0.675 Duryai 0.687 
Bisrakh 

Road 
0.673 

Bisrakh 

Road 
0.692 

Bisrakh 

Road 
0.681 

Bisrakh 

Road 

Mean 0.314 0.318 0.279 0.285 0.336 0.340 

St. Dev. 0.154 0.157 0.177 0.171 0.156 0.157 

 

In agricultural zone of study area, iron content of water extended from 0.116 to 0.675 

mg/L with a mean value of 0.392 mg/L. Most of the samples in agricultural area 

exceeded the standard limit of iron given by BIS (0.3 mg/L). In industrial zone, iron 

content of groundwater was 0.094 to 0.692 mg/L with a mean of 0.330 mg/L. A wide 

variation was observed in iron content of water samples. Out of samples of five water 

quality stations at Bisrakh Road, samples of two stations (S5 & S9) always had iron 

concentration below the standard value of BIS. In year 2017, one sample S8 also 

showed suitability of water for drinking. Rests of the samples from Bisrakh Road 

station have iron concentration higher than 0.3 mg/L. The reason of high iron content 

of groundwater was the presence of drainage coming from nearby industries (iron and 

steel industry, fabric dyeing, paper industry etc.). Water samples of Khera 

Dharampura, Bishnuli, Achheja (S13), Dujana (S15, S17) and Badalpur were fit for 

drinking purpose. In residential zone, range of iron was from 0.071 to 0.218 mg/L 

with a mean of 0.166 mg/L.  

On the basis of percent change in iron content of groundwater from pre-monsoon to 

post-monsoon season, it is concluded that iron content increased after rainfall. 

Composition of infiltrating water gives a major contribution in metal concentration of 

water. In current study area, many small drains were coming from the industries. In 

rainy season dissolution of metal increased with rain water and consequently 

percolation of metal rich water enhanced the metal concentration of ground aquifers.  

Distribution plot and Box-Whisker plot of iron concentration in groundwater samples 

throughout the study period (2016, 2017 & 2018) at all twenty-two water quality 

stations are presented in Fig. 5.2.2.31, 5.2.2.32, 5.2.2.33 & 5.2.2.34 respectively. 

Most of the analysed samples were in range of 0.1 to 0.3 mg/L of iron. Spatial 
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distribution map of iron content of groundwater in study area also showed relative 

level of iron at studied water quality stations (Fig. 5.2.2.35). 

Iron can be naturally present in groundwater in Fe (II) state without giving any colour 

to it. But on exposure to air, iron converts into Fe (III) and gives an unacceptable 

reddish-brown colour to water. High concentration of iron gives rusty appearance to 

water. Occurrence of iron in water also enhances the growth of iron bacteria. Water 

with high iron content imparts stains to clothes and sanitary-ware. Indian Standard 

Drinking Water-Specification gives a guideline value of 0.3 mg/L of iron in safe 

drinking water with no relaxation. No health-based guideline value is given by WHO 

for iron content of drinking water. The iron content above 0.3 mg/L imparts 

unpleasant taste to water (WHO, 2017). Out of total analysed samples, nearly 37.8% 

of samples have iron content higher than the standard value of 0.3 mg/L given by BIS. 

Anake et al., (2014) analysed a range of 0.11 to 1.41 mg/L in borehole and well water 

of Ota, Nigeria. Kumar et al., (2017) documented a range of iron concentration from 

0.04 to 12.7 mg/L in groundwater of Chhaprola region of Gautam Budh Nagar 

district.  

  

Fig. 5.2.2.31 Empirical probability distribution 

of Iron concentration in Groundwater samples 

(in year 2016) 

Fig. 5.2.2.32 Empirical probability distribution 

of Iron concentration in Groundwater samples 

(in year 2017) 
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Fig. 5.2.2.33 Empirical probability distribution of Iron concentration in Groundwater samples 

(in year 2018) 

 

Fig. 5.2.2.34 Box and Whisker plot of Iron concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.35 Spatial distribution of Iron in Groundwater samples during study period 

 (2016-2018) 
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5.2.2.8 Zinc 

Zinc element has twenty-fifth number in series of most abundant elements on earth. 

As zinc and its oxides are less soluble in water hence its minute quantity is present in 

natural water bodies. The most common mineral of zinc is zinc blende (ZnS) which is 

found in nature in association with the sulfide ores of other metals. The major source 

of zinc in environment is electroplating industries, mining and iron-steel factories. 

The effluent of plating industry introduces a considerable amount of metal in water 

aquifers. Use of galvanized containers for cooking food adds a substantial amount of 

zinc in human body. Zinc is essential for biological activities in all living beings. 

Many enzymes and proteins, which are necessary for replication and translation of 

DNA, contain zinc. Zinc acts as a cofactor of carboxypeptidase enzyme (cleaves the 

peptide bond) and carbonic anhydrase enzyme (present in red blood cells and used in 

respiration at tissue level) in humans. Small quantity of zinc is required for a healthy 

person (4 to 10 mg/day; depending upon the age) and pregnant women require up to 

16 mg/day. Various plant products (whole grains, nut, seeds, leguminous fruits etc.) 

and animal products (red meat, shellfishs, dairy product etc.) supply the adequate 

quantity of zinc to a healthy person. In minute quantity, zinc is non-toxic but if its 

concentration is higher than 25 mg/L, it causes many health disorders. Excessive 

intake of zinc results into impairment of growth and reproduction (Institute of 

Environmental Conservation and Research INECAR, 2000). Symptoms of zinc 

toxicity include vomiting, diarrhea, icterus, hepatic failure, kidney failure as well as 

anemia. 

During study period, analytical results of zinc in all twenty-two groundwater samples 

are given in Table – 5.2.2.15 and 5.2.2.16.  

During study period of three years, zinc content in analysed samples ranged from 

0.008 mg/L (at Dairy Maccha station in pre-monsoon sample of year 2016) to 2.637 

mg/L (at Bisrakh Road station in pre-monsoon sample of year 2018) with a mean 

value of 0.287 ± 0.574 mg/L. During year 2016, zinc content of groundwater varied 

from 0.008 to 2.361 mg/L with a mean of 0.274 mg/L. Its maximum concentration 

was found at Bisrakh Road water quality station. In year 2017 and 2018, zinc content 

was analysed from 0.0082 to 2.528 mg/L and 0.0102 to 2.637 mg/L respectively.  
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Table – 5.2.2.15 Seasonal Variation in Zinc concentration (in mg/L) of Groundwater samples 

during year 2016, 2017 & 2018 

 

 

 

 

Pre-monsoon 0.0412 0.0241 0.0285

Post-monsoon 0.0403 0.0237 0.0271

Pre-monsoon 0.0295 0.0286 0.0268

Post-monsoon 0.0282 0.0279 0.0253

Pre-monsoon 0.0325 0.0319 0.0295

Post-monsoon 0.0318 0.0303 0.0283

Pre-monsoon 0.0341 0.0227 0.0432

Post-monsoon 0.0328 0.021 0.0402

Pre-monsoon 0.0988 0.1081 0.1103

Post-monsoon 0.0975 0.1038 0.1095

Pre-monsoon 0.0981 0.0929 0.1031

Post-monsoon 0.0968 0.0911 0.101

Pre-monsoon 1.365 1.285 1.7

Post-monsoon 1.311 1.271 1.655

Pre-monsoon 2.361 2.528 2.637

Post-monsoon 2.274 2.455 2.5

Pre-monsoon 0.261 0.311 0.341

Post-monsoon 0.245 0.288 0.325

Pre-monsoon 0.2165 0.2312 0.2671

Post-monsoon 0.2148 0.2302 0.2659

Pre-monsoon 0.0547 0.0345 0.0335

Post-monsoon 0.0539 0.0329 0.0315

Pre-monsoon 0.0919 0.0916 0.0925

Post-monsoon 0.0905 0.0902 0.0918

Pre-monsoon 0.1043 0.1003 0.1018

Post-monsoon 0.1028 0.0995 0.1007

Pre-monsoon 0.0873 0.0418 0.0512

Post-monsoon 0.0865 0.0404 0.0503

Pre-monsoon 0.1644 0.174 0.1785

Post-monsoon 0.1638 0.1731 0.1771

Pre-monsoon 0.0211 0.0236 0.0301

Post-monsoon 0.0203 0.0227 0.0297

Pre-monsoon 0.0331 0.0345 0.0451

Post-monsoon 0.0318 0.0335 0.0437

Pre-monsoon 0.1002 0.1007 0.1032

Post-monsoon 0.1002 0.1005 0.1017

Pre-monsoon 0.1432 0.1441 0.1497

Post-monsoon 0.1428 0.1429 0.1482

Pre-monsoon 0.008 0.0083 0.0105

Post-monsoon 0.0081 0.0082 0.0102

Pre-monsoon 0.7618 0.7713 0.7854

Post-monsoon 0.7605 0.771 0.7841

Pre-monsoon 0.0161 0.0096 0.0172

Post-monsoon 0.0153 0.0092 0.0165

2018
Percentage change from Pre-

monsoon to Post-monsoon

Agricultural 

S1 Duryai 2.18% 1.66% 4.91%

S2 Duryai

Zone Sample No.
Water Quality 

Station
Season 2016 2017

Industrial 

S5 Bisrakh Road 1.32% 3.98%

4.41% 2.45% 5.60%

S3 Duryai 2.15% 5.02% 4.07%

0.73%

S6 Bisrakh Road 1.33% 1.94% 2.04%

S4 Talabpur 3.81% 7.49% 6.94%

S7 Bisrakh Road 3.96% 1.09% 2.65%

S8 Bisrakh Road 3.68% 2.89% 5.20%

S9 Bisrakh Road 6.13% 7.40% 4.69%

S10
Khera 

Dharampura
0.79% 0.43% 0.45%

S11 Bishnuli 1.46% 4.64% 5.97%

S12 Achheja 1.52% 1.53% 0.76%

S13 Achheja 1.44% 0.80% 1.08%

S14 Dujana 0.92% 3.35% 1.76%

S15 Dujana 0.36% 0.52% 0.78%

S16 Dujana 3.79% 3.81% 1.33%

S17 Dujana 3.93% 2.90% 3.10%

S18 Badalpur 0.00% 0.20% 1.45%

Residential

S19 Sadopur 0.28% 0.83% 1.00%

S20 Dairy Maccha -1.25% 1.20%

S22 Badhpura 4.97% 4.17% 4.07%

2.86%

S21
Dhoom 

Manikpur
0.17% 0.04% 0.17%
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Table – 5.2.2.16 Statistical Summary of Zinc (in mg/L) in Groundwater samples 

Year 2016 2017 2018 

Season Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon Pre-monsoon Post-monsoon 

Min. 0.008 
Dairy 

Maccha 
0.0081 

Dairy 

Maccha 
0.0083 

Dairy 

Maccha 
0.0082 

Dairy 

Maccha 
0.0105 

Dairy 

Maccha 
0.0102 

Dairy 

Maccha 

Max. 2.361 
Bisrakh 

Road 
2.274 

Bisrakh 

Road 
2.528 

Bisrakh 

Road 
2.455 

Bisrakh 

Road 
2.637 

Bisrakh 

Road 
2.5 

Bisrakh 

Road 

Mean 0.278 0.270 0.282 0.276 0.313 0.303 

St. Dev. 0.558 0.538 0.583 0.569 0.640 0.612 

 

Analytical results of study revealed that in agricultural zone, zinc content ranged 

between 0.021 mg/L (in post-monsoon sample of 2017 collected from Talabpur) and 

0.0432 mg/L (in pre-monsoon sample of year 2018 collected from Talabpur). 

Industrial zone of study area has slightly higher value of zinc content. In industrial 

zone it ranged from 0.0203 to 2.637 mg/L. The higher value of zinc in groundwater of 

Bisrakh Road water quality station can be attributed to presence of fabric dyeing 

industry and paper mill in nearby area.  

Percent change in zinc value from pre-monsoon to post-monsoon season showed 

slight dilution of ground aquifers in terms of metal concentration. Samples collected 

from Dairy Maccha water quality station in year 2016 showed negligible rise in 

concentration of zinc in post-monsoon season.  

Results of zinc analysis in groundwater samples, throughout the study period (2016, 

2017 & 2018) at all twenty-two water quality stations, are presented through 

distribution plot & Box-Whisker plot (Fig. 5.2.2.36, 5.2.2.37, 5.2.2.38 & 5.2.2.39). 

The mean concentration of zinc gradually increased from year 2016 to 2018 (0.274 

mg/L < 0.279 mg/L < 0.308 mg/L). GIS map of zinc concentration of groundwater in 

study area is given in Fig. 5.2.2.40. 

BIS sets an acceptable limit of 5 mg/L of zinc for drinking water and a permissible 

limit of 15 mg/L in absence of alternative source. WHO does not give any health 

based guideline value for zinc in drinking water. However it gives a taste threshold 

value of 4 mg/L. Higher concentration of zinc in drinking water gives an unpleasent 

taste to it. Zinc content of household water supply can be higher due to dissolution of 

zinc from the galvanized pipes. On the basis of BIS standards all the analysed samples 
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were well below from the acceptable limit of zinc. Mansouri et al., (2012) reported 

mean concentration of Cd, Pb, Cr, Cu, Zn and Fe in groundwater of Birjand Flood 

Plain of Iran- 0.000, 0.023, 0.049, 0.109, 0.192 and 0.174 mg/L respectively. 

Bhattacharya et al., (2017) analysed zinc concentration (0.003 to 1.438 mg/L) in 

groundwater of Durgapur, West Bengal and concluded that all the samples were 

within the prescribed limit of zinc by WHO. 

  

Fig. 5.2.2.36 Empirical probability distribution of 

Zinc concentration in Groundwater samples (in 

year 2016) 

Fig. 5.2.2.37 Empirical probability distribution of 

Zinc concentration in Groundwater samples (in 

year 2017) 

 

 

Fig. 5.2.2.38 Empirical probability distribution of Zinc concentration in Groundwater samples 

(in year 2018) 
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Fig. 5.2.2.39 Box and Whisker plot of Zinc concentration in Groundwater samples during study 

period (2016-2018) 
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2016 (Pre-Monsoon) 2016 (Post-Monsoon) 

  

2017 (Pre-Monsoon) 2017 (Post-Monsoon) 

  

2018 (Pre-Monsoon) 2018 (Post-Monsoon) 

Fig. 5.2.2.40 Spatial distribution of Zinc in Groundwater samples during study period  

(2016-2018) 
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SUMMARY 

Mean values of pH, electrical conductivity, total dissolved solids, turbidity, total 

hardness, calcium, magnesium, sodium, potassium, boron, total alkalinity, chloride, 

fluoride, nitrite, nitrate, phosphate, sulphate and ammonia in groundwater were; 7.80, 

1556 µmhos/cm, 1011 mg/L, 8 NTU, 406 mg/L, 63.02 mg/L, 62.52 mg/L, 120.2 

mg/L, 23.69 mg/L, 1.04 mg/L, 251.2 mg/L, 135.2 mg/L, 0.59 mg/L, 0.24 mg/L, 204 

mg/L, 1.11 mg/L, 93.24 mg/L and 0.169 mg/L respectively. pH of analysed samples 

was neutral to alkaline. Maximum pH (9.15) was obtained from samples of Dujana 

station. Nearly 11% of samples were out of standard range of pH (6.5 to 8.5). 

Electrical conductivity and TDS decreased after precipitation. TDS of 83% of samples 

were beyond the acceptable limit of BIS. Three samples collected from Achheja & 

Dujana stations were having TDS more than permissible limit of BIS. Higher 

turbidity was found in samples collected from Bisrakh Road (S7), Dairy Maccha, 

Dhoom Manikpur and Badhpura stations. Mean total hardness was highest in 

industrial zone. Total alkalinity of nearly 61% of analysed samples were above the 

desirable limit of BIS. Two samples of Badhpura station (pre-monsoon season of year 

2016 & 2018) exceeded the permissible limit of total alkalinity. Calcium in 34.9% of 

samples, Magnesium in 100% of samples, Boron in 84% of samples and Chloride in 

25.8% of samples were beyond the desirable limit given by BIS. Samples of Bisrakh 

Road, Khera Dharampura, Achheja & Dhoom Manikpur had magnesium content 

above permissible limit given by BIS. Geological source of high magnesium content 

of groundwater was observed in study area. Sodium content of 25.8% of samples 

were above the taste threshold of WHO. These samples were collected from Achheja, 

Dujana and Badalpur stations. Higher concentration of potassium was obtained from 

samples of industrial zone. Boron content was obtained high in agricultural samples. 

Groundwater samples of Duryai station showed increase in chloride after 

precipitation. Dissolution of potassium fertilizers KCl (muriate of potash) may be 

attributed to high chloride content of groundwater in post-monsoon season. Fluoride 

level of nearly 10.6% of samples exceeded the acceptable limit and 3 samples of 

industrial zone (Achheja & Dujana) were above the permissible value. Almost 97.7% 

of samples were beyond the standard value of nitrate for drinking water. Leaching of 

agricultural waste water and municipal water was responsible for high nitrate content 

of groundwater. All of analysed samples were within guideline value of nitrite, i.e., 3 
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mg/L. Phosphate content of samples of agricultural and residential zone was high. 

Nearly 75% of samples were within acceptable limit of sulphate, i.e., 200 mg/L. Two 

samples, collected from Achheja station in year 2016, were beyond the permissible 

limit of sulphate (400 mg/L). Dumping of industrial waste water without treatment 

enhanced sulphate content of groundwater. Results of ammonia analysis concluded 

that groundwater of industrial and residential zone was partially fit for drinking. 

Agriculture zone has safe quality of water in terms of ammonia content. 

Obtained range of analysed metals, i.e., Arsenic, cadmium, chromium, copper, 

Nickel, Lead, Iron & Zinc in groundwater samples throughout study period were 

0.518-12.561 µg/L, 0.004-5.997 µg/L, 5.189-40.02 µg/L, 1.005-8.719 µg/L, 0.377-

14.560 µg/L, 1.403-6.265 µg/L, 0.071-0.692 mg/L, 0.008-2.637 mg/L respectively. 

Chromium, copper, nickel, lead & zinc content of 100% analysed samples were 

within the standard range. About 3% of samples (Bishnuli & Dujana) exceeded the 

standard range of arsenic. Application of fertilizers and pesticides, disposal and 

incineration of municipal and industrial waste contribute to arsenic content of 

groundwater. Nearly 10% of samples (Dujana & Dhoom Manikpur) exceeded the 

standard range of cadmium. The waste products released from the CHW Forge 

industry, where forging and flange was carried out, were responsible for 

contamination of ground aquifers with cadmium. A pipe manufacturing unit was also 

running in this area. The effluent of the industry also contaminated the water 

resources. A cement manufacturing unit - Ambuja cement Ltd. was present in Dhoom 

Manikpur. The dumping of industrial wastes of the industry contributed to the 

cadmium level in ground aquifers. Out of total, 37.8% of samples (Bisrakh Road & 

Agricultural zone) exceeded the standard range of iron. The reason of high iron 

content of groundwater in these samples was the presence of drainage coming from 

nearby industries (iron and steel industry, fabric dyeing, paper industry etc.). 
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5.3.1 INTRODUCTION 

India is a land of agriculture. Agriculture sector of India comprises 18% of India's 

gross domestic product (GDP) and provides employment to 50% of the countries 

workforce (Madhusudhan, 2015). In India, agriculture is not completely rain-fed but it 

depends on irrigation through other sources. Due to unavailability of surface water 

throughout the year, groundwater is used for irrigation purpose. In India 85% of 

required drinking water and 60% of required irrigation water is extracted from ground 

aquifers (Suhag, 2016). 

Various programs have been developed by Indian government to protect quantity and 

quality of ground aquifers: National project of Aquifers Management (NAQUIM), 

National Groundwater Management Improvement Program etc. Recently Prime 

Minister of India launched Atal Bhujal Yojana under Jal Jeevan Mission, on 25
th

 Dec. 

2019. Seven states of India; Gujarat, Haryana, Karnataka, Madhya Pradesh, 

Maharashtra, Rajasthan, and Uttar Pradesh are chosen for the development of 

groundwater management program. To regulate use of groundwater for irrigation, 

National Green Tribunal of India suggested registering of borewells across the 

country. 

Gautam Budh Nagar district is situated in Ganga-Yamuna Doab near the capital of 

India. It is a region of traditional agriculture with extensive population. Although 

study area gets sufficient rainfall, but due to climatic changes, monsoon pattern has 

been changed. Especially during the dry season of year, alternative source of 

irrigation is required. Due to unavailability of surface water in area, people are mainly 

depend on groundwater for agricultural requirement of water. In last two decades, for 

the economic growth of this area, a large number of manufacturing industries are 

established here or shifted from nearby areas of Delhi and Ghaziabad. The waste 

water of these industries containing the hazardous materials is dumped in nearby 

water bodies or directly into the ground aquifers without any treatment. Over a period 

of time toxic substances, present in industrial wastes, contaminate the surface water as 

well as groundwater. At one hand increasing population, extensive agriculture and 

industrialization are polluting the water aquifers, but on the other hand due to 

increasing demand of fresh water for domestic and agriculture practices, the 

exploitation of groundwater has been increased tremendously. Increasing urbanization 

also enhanced the pressure on ground aquifers. Available surface water is not

https://en.wikipedia.org/wiki/Gujarat
https://en.wikipedia.org/wiki/Haryana
https://en.wikipedia.org/wiki/Karnataka
https://en.wikipedia.org/wiki/Madhya_Pradesh
https://en.wikipedia.org/wiki/Maharashtra
https://en.wikipedia.org/wiki/Rajasthan
https://en.wikipedia.org/wiki/Uttar_Pradesh
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sufficient to meet the increased requirement of irrigation water. Groundwater is the 

alternative source of freshwater for various purposes.  

A lot of work has been done in different parts of world to evaluate the suitability of 

groundwater for irrigation purpose (Wang, 2013; Salifu et al., 2017; Akakuru & 

Akudinobi, 2018; Park et al., 2018). In India non-selective use of fertilizers, disposal 

of industrial & household wastes in unplanned manner and over-exploitation of 

groundwater are causing degradation in the quality of groundwater (Haritash et al., 

2008). Various studies in different states of India showed that groundwater of 

Haryana (Singh et al., 2017), Uttar Pradesh (Tyagi et al., 2009), Punjab (Kumar et al., 

2007), Maharashtra (Deshpande & Aher, 2012; Gaikwad et al., 2019), Karnataka 

(Ravikumar et al., 2011), Telangana (Jampani et al., 2018) and Kerala (Prasanth et al., 

2012) is partially fit for irrigation. Highly saline and alkaline irrigation water of these 

areas degrades the soil quality which directly affects the fertility of soil.  

5.3.2 IMPORTANT PARAMETERS FOR IRRIGATIONAL WATER 
 

Groundwater of any area depends upon the geo-environmental conditions of that area. 

Suitability of groundwater for irrigational purpose measured through the quantity and 

quality of dissolved ions present in it. A small amount of salts are always present in 

groundwater due to dissolution of minerals and weathering of rocks. Increasing 

urbanization and industrialization enhances the content of dissolved ions in 

underground water. Whenever this water is used in irrigation, these salts remain in 

soil as water is used up by plants or evaporated. Continuous use of such type of water 

elevates the concentration of ions in soil. The excessive amount of ions in irrigational 

water negatively affects the soil structure and plant growth. It is very necessary to 

assess the appropriateness of irrigational water to maintain the soil productivity and 

crop yield. Salinity hazard and alkalinity hazard are two critical parameters to 

evaluate the quality of irrigation water. The suitability of groundwater of Gautam 

Budh Nagar district in pre-monsoon and post-monsoon samples during study period 

was evaluated by using the parameters like- 

1) Electrical conductivity (EC)  

2) Sodium absorption ratio (SAR)  

3) Residual sodium carbonate (RSC)  

4) Sodium percentage (Na%)  
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5) Permeability index (PI)  

6) Magnesium hazard (MH)  

7) Kelly index (KI) 

8) Boron toxicity 

5.3.2.1 Electrical Conductivity (EC) 
 

Electrical conductivity is the most important irrigational water quality parameter 

which affects the productivity of soil and crop yield. Generally salt concentration in 

soil enhanced due to irrigation water. If amount of salts is high enough to adversely 

affect the crop yield than salinity problem occurs. Water salinity hazard is measured 

by the electrical conductivity of irrigational water. Irrigational water with high 

electrical conductivity value makes the soil saline. In saline soil solution, roots are 

unable to absorb water from the soil. This phenomenon is called as physiological 

drought (Fipps, 2003). Highly saline water is not good for crop irrigation. 

Germination of seeds is also affected by the salinity of soil. Seeds cannot imbibe 

water in saline soil hence rate of germination gets slow down.  

EC of groundwater of study area ranged from 520 to 4251 µmhos/cm with a mean 

value of 1555.5 µmhos/cm (Table – 5.3.1). Its minimum value was obtained from 

Dujana water quality station in post-monsoon sample of year 2017 and maximum 

value was found in groundwater of Achheja water quality station in pre-monsoon 

sample of year 2016.  

According to classification given in Table – 4.6, water with EC value lesser than 250 

µmhos/cm is excellent for irrigation as it has relatively high amount of Ca, Mg and 

HCO3 ions. Groundwater with EC value between 250 & 750 µmhos/cm is termed as 

good for irrigation. Groundwater is highly saline when its EC value is 750 to 2250 

µmhos/cm. This type of water can be utilized for irrigation with special practices of 

leaching and drainage (Wilcox, 1955). The major crops cultivated in study area were; 

wheat, barley, bajra, maize, urd, moong, lentil, gram, arhar, mustard etc. These crops 

are moderate salt tolerance crops hence prolonged irrigation of these crops with saline 

water required proper leaching with highly permeable soil. Groundwater having EC 

value greater than 2250 µmhos/cm is unsuitable for irrigation. The classification of 

studied samples on the basis of electrical conductivity (Wilcox, 1955) is given in 

Table – 5.3.2. 
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Table – 5.3.1 Electrical Conductivity of Groundwater Samples during study period 

Water Quality 

Station 

Electrical Conductivity (µmhos/cm) 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 1525 1410 1059 1130 1529 1340 

Duryai 939 869 845 877 949 835 

Duryai 860 796 727 795 871 769 

Talabpur 910 883 765 790 1270 1128 

Bisrakh Road 710 698 633 658 695 607 

Bisrakh Road 2371 2260 1810 2115 2617 2348 

Bisrakh Road 2107 2050 1657 1779 1900 1660 

Bisrakh Road 917 902 819 811 898 797 

Bisrakh Road 780 775 615 706 790 700 

Khera Dharampura 1292 1149 1007 1052 1401 1210 

Bishnuli 1283 1195 1153 1135 1179 1051 

Achheja 4251 4061 1878 2501 2758 2700 

Achheja 2330 2252 1650 1939 2298 2038 

Dujana 760 682 538 520 943 879 

Dujana 2990 2715 1818 2200 2638 2325 

Dujana 2845 2763 2102 2648 3448 2990 

Dujana 2365 2304 1790 2211 2441 2124 

Badalpur 2580 2475 1980 2380 2868 2553 

Sadopur 765 760 561 610 660 615 

Dairy Maccha 890 831 1222 1328 1491 1320 

Dhoom Manikpur 1600 1438 1923 1735 2055 1753 

Badhpura 2800 2205 1763 1850 2310 2150 

Minimum 710 682 538.00 520.00 660 607 

Maximum 4251 4061 2102.0 2648.0 3448 2990 

Mean 1721.4 1612.4 1287.05 1444.1 1727.68 1540.55 

Table – 5.3.2 Classification of studied groundwater samples based on Electrical Conductivity 

 

EC  

(µmhos/

cm) 

Water 

Class 
Salinity 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

<250 
Excellent 

 

Less saline 

(relatively high 

proportion of 

calcium, 

magnesium & 

bicarbonate ions) 

- - - - - - 

250-

750 
Good 

Moderately saline 

having varying 

concentrations of 

ions 

4.5% 9.1% 22.7% 18.2% 9.1% 13.6% 

750-

2250 
Fair 

Highly saline 

(high proportion 

of sodium & 

chloride ions) 

59% 59% 77.3% 68.2% 54.5% 63.6% 

>2250 Unsuitable 

Very highly saline 

(containing high 

concentrations of 

sodium, 

bicarbonate & 

carbonate ions) 

36.4% 31.8% - 13.6% 36.4% 18.2% 
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 According to the classification of Wilcox, none of the sample came under excellent 

type of category. In pre-monsoon season of 2016, 59% of the samples had highly 

saline water, 36.4% of samples were found unsuitable for irrigation in terms of 

salinity. After rainy season, 59% of samples had high saline water however less 

salinity was observed at most of the station. In pre-monsoon season of 2017, nearly 

77.3% of samples had highly saline water and 22.7% had fairly good saline water. A 

wide seasonal variation was observed in salinity of water in 2017. In 2017 after rainy 

season, 13.6% of samples became unsuitable for irrigation. In 2018, salinity of water 

increased in comparison of year 2017. About 36.4% and 18.2% of samples found 

unfit for irrigation in pre and post monsoon season of year 2018 respectively. 

Empirical probability distribution plots and box-whisker plot of EC of groundwater 

samples are given in Fig. 5.2.1.6, 5.2.1.7, 5.2.1.8 & 5.2.1.9. 

Nagarajan et al., (2010) investigated irrigation suitability of underground water of 

Thanjavur city of Tamilnadu and reported a range of 190 to 6000 µmhos/cm of 

electrical conductivity. They found that 5 samples out of total 102 samples, came 

under the category of unsuitable type, in terms of salinity hazard. Kumar et al., 2014 

examined the salinity of groundwater of Pudunagaram, Palakkad district of Kerala in 

pre-monsoon (178 to 3380 µmhos/cm) & post-monsoon season (107 to 3000 

µmhos/cm) and concluded that salinity reduced after rain-fall. Similar type of studies 

were carried out by Aghazadeh & Mogaddam, 2010 in Oshnavieh area of Iran; Ishaku 

et al., 2011 in Jada area of north-eastern Nigeria; Wu & Sun, 2016 in Guanzhong 

plain of China; Salifu et al., 2017 in upper west region of Ghana; Soleimani et al., 

2018 in Sarpol-e Zahab city in Iran. A range of 673 to 3470 µmhos/cm was reported 

by Jampani et al., (2018) in groundwater of Hyderabad city. 

5.3.2.2 Sodium Absorption Ratio (SAR) 

The sodium concentration is one of the major constituent for assessment of irrigation 

quality of water. The high sodium content in water may obstruct the soil permeability. 

Considering the effects of sodium on soil or sodicity hazard, United State Salinity 

Laboratory (USSL) introduced a factor Sodium Adsorption Ratio (SAR), based on 

concentration of sodium, calcium and magnesium. The mathematical expression used 

for calculation of SAR- 
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SAR = 
  

√       
  

Concentration of all the cations were taken in meq/L. SAR is a parameter to evaluate 

the alkali hazard or sodium hazard of irrigational water. The effect of high sodium 

concentration relative to calcium and magnesium, on the soil structure, is determined 

through SAR value. High sodium content of irrigational water gets adsorbed on the 

soil particles and makes it hard & tough. Long term use of water having high SAR 

value reduces the permeability of soil and makes it impervious.  

According to the classification given by Richards, (1954) and Todd, (1959) water 

having SAR value lesser than 10 meq/L has low sodicity hazard. Water with SAR in 

the range of 10 to 18 meq/L produce medium sodicity hazard. Use of such water 

causes a considerable sodium hazard in fine textured soils with high conductivity. 

This water may be used on coarse textured organic soil with good permeability and 

high leaching. Water with SAR value 18 to 26 meq/L may accumulate high levels of 

sodium in all types of soil and need management of soil conditions with chemical 

amendments. Highly saline water is not compatible with chemical amendments. The 

use of high SAR water for irrigation may also cause permeability problems, by 

clogging of soil (Goyal et al., 2010). Due to reduction in permeability, the rate of 

water filtration into the soil is reduced upto a great extent. As a result crop is not 

adequately supplied with water therefore overall yield is reduced.  

In current study, measured values of SAR of groundwater samples varied from 0.16 to 

5.78 meq/L (Table – 5.3.3). A decline in SAR value was obtained in post-monsoon 

season of study period (2.6 to 2.4 meq/L in 2016, 2.49 to 2.3 meq/L in 2017 and 2.42 

to 2.25 meq/L in 2018). On the basis of SAR value all the analysed samples were 

excellent for irrigation (Table – 5.3.4).  
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Table – 5.3.3 Sodium Absorption Ratio (SAR) of Groundwater Samples during study period 

Water Quality 

Station 

SAR (meq/L) 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 2.22 2.00 2.92 1.95 2.02 1.86 

Duryai 1.37 1.29 1.62 1.44 1.41 1.24 

Duryai 1.04 0.96 1.86 1.04 0.98 0.91 

Talabpur 0.70 0.68 0.73 0.63 0.78 0.72 

Bisrakh Road 1.00 0.96 1.16 1.10 0.93 0.82 

Bisrakh Road 3.16 3.07 3.03 2.96 3.35 3.19 

Bisrakh Road 2.56 2.53 2.34 2.31 2.33 2.18 

Bisrakh Road 1.09 1.04 1.28 0.96 0.93 0.87 

Bisrakh Road 0.75 0.70 0.90 0.75 0.74 0.69 

Khera Dharampura 0.99 0.84 0.64 0.68 0.94 0.86 

Bishnuli 3.07 2.62 3.60 3.39 1.87 1.66 

Achheja 4.86 4.69 3.74 3.66 3.81 3.71 

Achheja 4.20 4.12 4.02 3.77 4.15 3.86 

Dujana 0.43 0.36 0.43 0.33 0.44 0.39 

Dujana 3.80 3.82 3.08 3.21 3.75 3.57 

Dujana 3.95 3.94 3.91 3.93 4.52 4.18 

Dujana 4.21 4.20 3.60 3.62 4.03 4.01 

Badalpur 4.40 4.47 3.84 3.87 4.27 3.98 

Sadopur 0.20 0.20 0.18 0.17 0.18 0.16 

Dairy Maccha 4.63 3.63 3.79 3.60 3.78 3.31 

Dhoom Manikpur 2.73 2.31 3.37 3.30 3.45 3.20 

Badhpura 5.78 4.89 4.75 4.79 4.58 4.09 

Minimum 0.20 0.20 0.18 0.17 0.18 0.16 

Maximum 5.78 4.89 4.8 4.8 4.58 4.18 

Mean 2.6 2.4 2.49 2.3 2.42 2.25 

 

Table – 5.3.4 Classification of studied groundwater samples based on Sodium Absorption Ratio  

 

During the study period, distribution plot of SAR of groundwater samples showed 

that comparatively greater number of samples were present on the right side of plot in 

year 2017 and left side of plot in year 2018 (Fig. 5.3.1, 5.3.2 & 5.3.3). This explained 

that although all of the samples had excellent type of water in terms of SAR value, but 

in year 2017, a large number of samples showed SAR value near to 4 meq/L. Box and 

whisker plot of SAR value of groundwater in three consecutive years showed that all 

 

SAR 

(meq/L) 

Sodicity 

Hazard 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

<10 Low 100% 100% 100% 100% 100% 100% 

10-18 Medium - - - - - - 

18-26 High - - - - - - 

>26 Very High - - - - - - 
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the values are within the box and whisker, no outliers are present in it (Fig. 5.3.4). 

Data is somewhat symmetrical throughout study period.  

Similar type of results was obtained by Goyal et al., 2010 in Kaithal district of 

Haryana (range of SAR 4.5 to 69.4 meq/L in pre-monsoon season & 2.1 to 44.1 

meq/L in post-monsoon season). Nagarajan et al., (2010) reported a range of 0.97 to 

9.17 meq/L of SAR in Thanjavur city of Tamilnadu. On the basis of SAR values 

Madhav et al., (2018) in Sant Ravidas Nagar (Bhadohi) in Uttar Pradesh, Gaikwad et 

al., (2019) in Sindhudurg district of coastal Maharashtra and Adimalla & 

Venkatayogi, (2018) in Basara region of Adilabad district of Telangana, reported the 

suitability of groundwater for irrigation. In Malwa region of Punjab eco-friendly 

agricultural practices were recommended by Ahada & Suthar (2018). 

  
Fig. 5.3.1 Empirical probability distribution 

of SAR in Groundwater samples (in year 

2016) 

 

Fig. 5.3.2 Empirical probability distribution of 

SAR in Groundwater samples (in year 2017) 

 

 

Fig. 5.3.3 Empirical probability distribution of SAR in Groundwater samples (in year 2018) 
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Fig. 5.3.4 Box and Whisker plot of SAR in Groundwater samples during study period (2016-

2018) 

5.3.2.3  Residual Sodium Carbonate (RSC) 

Eaton, (1950) has put forward the characteristic feature of residual sodium carbonate 

for irrigation quality of water. RSC considers the excess of carbonate and bicarbonate 

in comparison to calcium and magnesium. RSC can be calculated by using the 

formula- 

RSC = (HCO3 + CO3) – (Ca + Mg) 

Concentration of all ions were taken in meq/L. RSC value of analysed underground 

water samples during study period is given in Table – 5.3.5. In year 2016, RSC value 

of analysed samples varied from -10.76 to 2.68 meq/L. The range of RSC in 2017 was 

from -6.92 to 2.52 meq/L and in 2018 it was from -7.63 to 2.45 meq/L. The positive 

value of RSC indicates the concentration of carbonate and bicarbonate is higher than 

calcium and magnesium. The high amount of carbonate and bicarbonate in irrigational 

water causes precipitation of calcium and magnesium ions. Due to precipitation of 

calcium and magnesium the water present in the soil becomes more concentrated in 

the form of sodium carbonate. According to Richards (1954) groundwater with RSC 

value < 1.25 meq/L is good for irrigation. Groundwater with RSC value between 1.25 

and 2.50 meq/L is doubtful and can be used with proper drainage system. The 
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groundwater samples having RSC value above 2.50 meq/L are not fit for irrigation. 

Nearly all the analysed samples (except one) were good for irrigation in terms of RSC 

value (Table – 5.3.6).  

Throughout the study period, distribution curves for RSC value of analysed 

groundwater samples are given in Fig. 5.3.5, 5.3.6 & 5.3.7. During the study period, 

groundwater of Badhpura water quality station showed high value of RSC. 

Exceptionally high value of RSC in samples collected from Badhpura water quality 

station is also explained through box and whisker plot (Fig. 5.3.8). The use of such 

water is harmful for irrigation purpose, as they tend to precipitate calcium carbonate 

on the soil surface which result into permeability problem. Such water quality can be 

used for irrigation of specific crop with special soil management.  

Table – 5.3.5 Residual Sodium Carbonate (RSC) of Groundwater Samples during study period 

Water Quality 

Station 

RSC (meq/L) 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai -3.84 -3.89 -1.54 -2.10 -4.59 -4.15 

Duryai -2.19 -2.14 -2.13 -2.09 -2.37 -2.20 

Duryai -1.79 -1.79 -0.51 -1.33 -2.04 -1.81 

Talabpur -3.33 -3.24 -3.03 -2.94 -4.86 -4.26 

Bisrakh Road -2.66 -2.50 -2.24 -2.24 -2.58 -2.35 

Bisrakh Road -7.03 -6.64 -6.48 -6.18 -7.63 -6.29 

Bisrakh Road -6.60 -6.28 -5.57 -5.45 -5.95 -5.46 

Bisrakh Road -2.88 -2.95 -2.71 -2.71 -3.10 -2.82 

Bisrakh Road -3.04 -3.02 -2.50 -2.75 -3.46 -3.07 

Khera Dharampura -4.61 -4.23 -4.33 -3.90 -5.22 -4.64 

Bishnuli -0.09 -0.28 0.81 0.63 -1.15 -1.42 

Achheja -10.76 -10.29 -6.33 -6.28 -6.97 -6.88 

Achheja -3.53 -3.32 -3.15 -2.98 -4.15 -3.71 

Dujana -2.60 -2.38 -1.64 -1.80 -3.45 -3.50 

Dujana -7.70 -6.79 -6.92 -6.19 -6.45 -5.61 

Dujana -4.54 -4.29 -4.57 -4.12 -5.49 -4.66 

Dujana -5.24 -5.10 -5.63 -5.43 -5.83 -4.43 

Badalpur -5.90 -5.16 -6.38 -5.75 -6.76 -5.09 

Sadopur -3.44 -3.39 -2.66 -2.39 -2.85 -2.78 

Dairy Maccha -1.41 -1.40 -1.60 -1.54 -1.83 -1.95 

Dhoom Manikpur -0.54 -1.26 0.05 0.10 0.29 -0.65 

Badhpura 2.56 2.68 2.52 1.77 2.45 1.67 

Minimum -10.76 -10.29 -6.92 -6.28 -7.63 -6.88 

Maximum 2.56 2.68 2.5 1.8 2.45 1.67 

Mean -3.7 -3.5 -3.02 -3.0 -3.82 -3.46 
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Table – 5.3.6 Classification of studied groundwater samples based on Residual Sodium 

Carbonate  

 

Salifu et al., (2017) reported that 56% of groundwater samples of Wa-Lawra Gold 

belt in Ghana was safe for irrigation in terms of RSC value. Madhav et al., (2018) 

analysed the irrigation suitability of groundwater of Sant Ravidas Nagar (Bhadohi) in 

Uttar Pradesh. They concluded that 100% of examined samples are in the safe class of 

RSC i.e. less than 1.25meq/L. Various studies have been carried out to assess the 

suitability of groundwater for irrigation in China (Peiyue et al., 2011; Wang, 2013; 

Wu & Sun, 2016), Bangladesh (Islam et al., 2016), Nigeria (Ishaku et al., 2011; 

Akakuru & Akudinobi,  2018), Japan (Mitra et al., 2007), Iran (Aghazadeh & 

Mogaddam, 2010; Soleimani et al., 2018) and in other parts of the world (Al-Obaidi, 

2017; Ahada & Suthar, 2018). 

  

Fig. 5.3.5 Empirical probability distribution of 

RSC in Groundwater samples (in year 2016) 

Fig. 5.3.6 Empirical probability distribution of 

RSC in Groundwater samples (in year 2017) 

 

 

RSC 

(meq/L) 

Water 

Class 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

<1.25 Good 95.5% 95.5% 95.5% 95.5% 95.5% 95.5% 

1.25-2.50 Medium - - - 4.5% 4.5% 4.5% 

>2.50 Bad 4.5% 4.5% 4.5% - - - 
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Fig. 5.3.7 Empirical probability distribution of RSC in Groundwater samples (in year 2018) 

 

 

Fig. 5.3.8 Box and Whisker plot of RSC in Groundwater samples during study 

period (2016-2018) 

5.3.2.4 Sodium Percentage (Na%) 

 

Sodium percentage is used for assessment of sodium hazard in water. Sodium 

percentage is a parameter to evaluate the suitability of water for irrigation. This is 

because sodium which is present in irrigation water reacts with soil and reduce its 



Irrigational Suitability of Groundwater 

260 | P a g e  
 

permeability (Salifu et al., 2017). The mathematical exepression used for the 

calculation of sodium percentage is- 

Na% = 
    

           
 × 100 

Concentration of all the cations were taken in meq/L. Na% value of analysed 

groundwater samples during study period is given in Table – 5.3.7. The Na% of 

groundwater samples ranged from 6.94% to 62.68%. The standard sodium percentage 

of safe water for irrigation is 60% (Fipps, 2003). When irrigational water has high 

sodium percentage, sodium ions undergone cation exchange process with calcium and 

magnesium ions of soil hence reduces the permeability of soil (Saleh et al., 2017). 

The soil becomes alkaline (due to the formation of Na2CO3) and saline (due to the 

formation of NaCl) (Janardhana Raju, 2007). Highly alkaline and saline soil is not 

good for crop. The classification of studied samples on the basis of sodium percentage 

(Wilcox, 1955) is given in Table – 5.3.8.  

Table – 5.3.7 Sodium Percentage (Na%) of Groundwater Samples during study period 

Water Quality 

Station 

Na% 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 38.19 36.43 48.62 39.71 35.64 35.16 

Duryai 29.92 29.64 33.32 31.34 29.99 28.60 

Duryai 26.11 25.23 39.44 27.38 24.89 24.97 

Talabpur 20.90 20.57 22.04 21.21 21.12 21.08 

Bisrakh Road 26.56 26.24 29.99 29.24 26.24 25.29 

Bisrakh Road 41.56 41.58 41.61 41.36 41.50 42.02 

Bisrakh Road 38.36 38.59 38.36 38.54 38.17 38.09 

Bisrakh Road 27.51 26.74 29.14 26.49 25.65 25.80 

Bisrakh Road 23.90 23.06 24.83 21.82 21.61 21.63 

Khera Dharampura 20.21 18.65 15.29 16.64 19.16 19.14 

Bishnuli 48.26 44.72 54.29 52.91 36.81 35.35 

Achheja 45.22 44.89 45.27 44.91 44.73 44.44 

Achheja 50.58 50.59 50.80 50.30 50.41 50.15 

Dujana 14.14 13.17 15.14 12.90 12.94 12.47 

Dujana 44.66 46.05 42.15 44.20 45.84 46.29 

Dujana 45.87 46.24 45.49 46.72 46.78 46.64 

Dujana 51.95 52.23 48.24 48.83 50.09 51.74 

Badalpur 51.41 52.49 47.94 48.70 48.83 48.85 

Sadopur 7.22 7.23 7.21 7.05 7.02 6.94 

Dairy Maccha 62.68 57.05 53.29 52.25 51.90 49.60 

Dhoom Manikpur 41.07 37.82 43.49 44.80 43.99 44.00 

Badhpura 58.08 56.28 58.34 58.68 54.05 50.72 

Minimum 7.22 7.23 7.21 7.05 7.02 6.94 

Maximum 62.68 57.05 58.3 58.7 54.05 51.74 

Mean 37.0 36.2 37.92 36.6 35.34 34.95 
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Table – 5.3.8 Classification of studied groundwater samples based on Sodium percentage  

 

From the Table – 5.3.7 & 5.3.8, it is observed that in pre-monsoon season of year 

2016, 9.1% of samples belong to very good type, 41% of samples belong to good 

type, 45.5% of samples belong to marginal type and 4.5% fall under the category of 

poor type. Analytical results of study revealed that one sample collected from Dairy 

Maccha water quality station in pre-monsoon season of year 2016 had poor quality of 

water in terms of irrigation. In post-monsoon samples of year 2016, quality of water 

had improved and none of the sample showed poor quality of water. In pre-monsoon 

sample of year 2017, 54.5% of the collected samples have marginal type of water, 

31.8% have good quality of water and 13.6% of samples (Khera Dharampura, Dujana 

and Sadopur stations) have very good quality of water. In post-monsoon samples of 

year 2017, percentage of samples having good water quality increased from 31.8% to 

36.4% and percentage of samples having marginal water quality decreased from 

54.5% to 50%. In year 2018, analysed samples belong to three classes (45.5% 

samples have marginal type water, 40.9% samples have good water and 13.6% have 

very good type of water in terms of sodium percentage). The groundwater samples 

taken from Bisrakh Road, Bishnuli, Achheja, Dujana, Badalpur, Dairy Maccha, 

Dhoom Manikpur, Badhpura water quality stations have Na% between 40 to 60%. 

The results revealed that groundwater of these sites is not fit for irrigation but in the 

absence of alternative source of irrigation, it can be used with proper crop selection 

and proper drainage.  

The empirical probability distribution plots of sodium percentage in groundwater 

samples collected from study area during three consecutive year (2016, 2017 & 2018) 

are given in Fig. 5.3.9, 5.3.10 & 5.3.11 respectively. From the distribution plot, it is 

clear that majority of samples have Na% between 40 and 60. Box and whisker plot of 

 

Na% 

Water 

Class 

Percentage of samples 

 2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

20 Very Good 9.1% 13.6% 13.6% 13.6% 13.6% 13.6% 

20-40 Good 40.9% 40.9% 31.8% 36.4% 40.9% 40.9% 

40-60 Marginal 45.5% 45.5% 54.5% 50% 45.5% 45.5% 

        

60-80 Poor 4.5% - - - - - 

>80 Unsuitable - - - - - - 
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Na% value of groundwater samples is presented in Fig. 5.3.12. Data is symmetrically 

distributed in the range and no exceptional value was obtained. 

The suitability of groundwater in Malwa region of Punjab was studied by Ahada & 

Suthar, (2018). They found that western part of study area has high sodium 

percentage (13.9% unsuitable) than that of eastern part (7.5% unsuitable). Panaskar et 

al., 2016 studied groundwater suitability for irrigation in Nanded Tehsil of 

Maharashtra and they found that most of the analysed samples (46%) comes in good 

category, 22% of samples have 40 to 60 Na%, 22% of samples have 60 to 80 Na%, 

8% of samples have excellent type of water and 2% of samples were unsuitable type 

of water. A study made by Keesari et al., 2016 in Pondicherry area of south India 

revealed the geological as well as anthropogenic source of sodium in groundwater.  

 

  

Fig. 5.3.9 Empirical probability distribution of 

Na% in Groundwater samples (in year 2016) 

Fig. 5.3.10 Empirical probability distribution of 

Na% in Groundwater samples (in year 2017) 

 

 

Fig. 5.3.11 Empirical probability distribution of Na% in Groundwater samples (in year 2018) 
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Fig. 5.3.12 Box and Whisker plot of Na% in Groundwater samples during study period  

(2016-2018) 

 

5.3.2.5 Permeability Index (PI) 

 

Permeability of soil is influenced by the sodium, calcium, magnesium and bicarbonate 

content in irrigational water. A classification for suitability of groundwater on the 

basis of permeability index was developed by Doneen, (1964) & Ragunath, (1987). 

Permeability index (PI) is defined as- 

PI =     √    
 

        
       

Concentrations of all the ions were taken into meq/L.  During study period, 

permeability index of analysed samples is given in Table – 5.3.9. Permeability index 

of analysed groundwater sample ranged from 30.71% (in pre-monsoon sample of 

2016 from Sadopur water quality station) to 77.35% (in pre-monsoon sample of 2016 

Dairy Maccha water quality station). A slight decrease in mean permeability value 

was observed in post-monsoon samples of year 2016 and 2017. However permeability 

index increased in post-monsoon season of year 2018.  

Doneen (1964) classify the water into three classes. Class 1 having permeability index 

greater than 75% is suitable for irrigation. Class 2 with permeability index 25 to 75% 
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is also good for irrigation. But class 3 with permeability index less than 25% is 

unsuitable for irrigation (Table – 5.3.10). On the basis of analytical results majority of 

the analysed samples (95%) fell under the class 2 & remaining 5% came under the 

class 1. Groundwater samples collected from Dairy Maccha (in pre-monsoon season 

of year 2016) and Bishnuli (in pre and post- monsoon season of year 2017) water 

quality station showed class 1 type of irrigation water in terms of permeability index. 

The results indicate that groundwater of current study area has class 2 type of quality 

of water with permeability index value 25% to 75%.  

 

Table – 5.3.9 Permeability Index (PI) of Groundwater Samples during study period 

Water Quality 

Station 

PI (%) 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 52.18 50.62 66.44 58.20 48.55 48.89 

Duryai 51.55 51.71 54.45 53.35 51.11 51.15 

Duryai 49.84 49.65 65.25 53.24 47.79 49.34 

Talabpur 39.06 39.19 41.07 40.30 34.38 35.58 

Bisrakh Road 47.60 48.13 52.28 51.69 47.09 47.31 

Bisrakh Road 50.35 50.65 50.83 51.00 49.95 51.57 

Bisrakh Road 46.27 46.77 47.26 47.48 46.47 46.73 

Bisrakh Road 46.35 45.51 49.41 46.04 43.55 44.42 

Bisrakh Road 41.75 41.20 47.13 43.49 39.48 40.69 

Khera Dharampura 37.28 36.84 34.11 36.16 35.17 36.09 

Bishnuli 68.47 66.14 76.18 75.14 57.23 56.09 

Achheja 51.94 51.84 54.63 54.38 53.58 53.36 

Achheja 61.37 61.78 62.27 62.34 60.62 61.12 

Dujana 38.20 38.68 45.54 43.21 33.96 33.48 

Dujana 51.40 53.29 49.51 52.04 53.55 54.76 

Dujana 54.77 55.36 54.38 56.00 54.56 55.30 

Dujana 59.23 59.64 55.41 56.14 57.00 60.10 

Badalpur 58.66 60.47 55.05 56.42 55.82 57.40 

Sadopur 30.71 30.90 34.22 35.70 33.07 33.29 

Dairy Maccha 77.35 74.26 69.33 68.88 67.42 65.90 

Dhoom Manikpur 60.05 57.12 60.36 62.83 60.80 61.21 

Badhpura 70.38 70.91 74.48 73.99 68.46 66.41 

Minimum 30.71 30.90 34.11 35.70 33.07 33.29 

Maximum 77.35 74.26 76.2 75.1 68.46 66.41 

Mean 52.0 51.8 54.53 53.5 49.98 50.46 

 

The empirical probability distribution plot of PI in groundwater samples collected 

from study area during three consecutive year (2016, 2017 & 2018) is given in Fig. 

5.3.13, 5.3.14 & 5.3.15. Most of the samples have PI ranged from 45% to 55%. Box-

whisker plot reflects that mean value is very close to median value (fig. 5.3.16). Salifu 

et al., 2017 analysed class 1 type of water (permeability index > 75%) in upper west 
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region of Ghana. Soleimani et al., 2018 reported that all the analysed samples were of 

class 2 type in terms of permeability index in Sarpol-e Zahab city of Kermanshah 

province, Iran.  

Table – 5.3.10 Classification of studied groundwater samples based on Permeability Index  

 

  
Fig. 5.3.13 Empirical probability distribution of 

Permeability Index in Groundwater samples (in 

year 2016) 

Fig. 5.3.14 Empirical probability distribution of 

Permeability Index in Groundwater samples (in 

year 2017) 

 

 

 

 
Fig. 5.3.15 Empirical probability distribution of Permeability Index in Groundwater samples  

(in year 2018) 
 

 

PI 

(%) 

Water 

Class 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

>75% Class 1 4.5% - 4.5% 4.5% - - 

25% - 75% Class 2 95.5% 100% 95.5% 95.5% 100% 100% 

<25% Class 3 - - - - - - 
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Fig. 5.3.16 Box and Whisker plot of PI in Groundwater samples during study period (2016-2018) 

 

5.3.2.6 Magnesium Hazard (MH) 

In natural conditions, calcium and magnesium remains in equilibrium in subsurface 

water. High level of magnesium negatively affects the soil productivity and overall 

crop yield (Kaka et al., 2011). High concentration of magnesium enhances the 

alkalinity of soil. High magnesium deteriorates the soil structure particularly when 

excess of sodium is present in irrigational water. Paliwal, (1972) introduced 

magnesium hazard value for irrigational water as-  

MH = 
  

     
      

All concentrations were taken in meq/L. Magnesium hazard value of analysed 

groundwater samples during study period is given in Table – 5.3.11. Magnesium 

hazard ranged from 36.20% (at Dujana water quality station in pre-monsoon sample 

of year 2016) to 93.46% (at Dhoom Manikpur water quality station in pre-monsoon 

season of year 2017). Throughout study period, mean value of magnesium hazard was 

higher than 50%. 
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Table – 5.3.11 Magnesium Hazard (MH) of Groundwater Samples during study period 

Water Quality 

Station 

Magnesium Hazard (%) of Groundwater Samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 73.90 75.04 68.97 67.22 75.66 76.15 

Duryai 79.93 80.22 79.25 79.58 79.88 80.49 

Duryai 71.01 71.06 73.52 64.29 72.40 72.81 

Talabpur 83.55 83.46 83.55 83.62 83.92 84.03 

Bisrakh Road 69.03 68.06 72.56 72.83 74.37 75.07 

Bisrakh Road 40.21 40.53 39.93 39.85 39.80 39.42 

Bisrakh Road 85.28 85.18 85.36 85.25 84.31 84.83 

Bisrakh Road 81.20 81.58 81.12 81.86 82.36 82.73 

Bisrakh Road 74.79 74.36 74.89 74.99 77.28 77.45 

Khera Dharampura 90.15 89.78 90.52 90.47 90.69 90.32 

Bishnuli 85.99 85.73 84.08 84.47 82.71 82.85 

Achheja 46.97 47.23 46.91 47.28 47.60 47.95 

Achheja 43.09 42.83 42.62 43.20 42.93 42.85 

Dujana 65.57 65.32 62.90 63.26 63.79 66.22 

Dujana 43.03 42.67 45.33 45.27 44.04 43.99 

Dujana 47.87 47.47 47.88 48.28 48.39 48.81 

Dujana 36.20 36.26 38.31 38.37 38.31 38.43 

Badalpur 39.21 38.71 40.44 40.10 39.71 39.48 

Sadopur 86.61 86.53 86.23 85.52 86.34 86.98 

Dairy Maccha 87.95 83.41 87.30 87.18 87.46 88.18 

Dhoom Manikpur 88.86 89.53 93.46 93.42 93.31 93.26 

Badhpura 40.28 42.47 41.64 44.59 42.89 37.02 

Minimum 36.20 36.26 38.31 38.37 38.31 37.02 

Maximum 90.15 89.78 93.46 93.40 93.31 93.26 

Mean 66.40 66.20 66.67 66.40 67.19 67.24 

 

According to categorization of Paliwal (1972), water with magnesium hazard value 

less than 50 is suitable for agriculture and magnesium hazard value greater than 50 is 

unsuitable for agriculture. In current analysis 63.6% of groundwater samples had 

magnesium hazard value above 50 hence these samples were harmful for crop yield. 

Around 36.4% of samples had magnesium hazard value less than 50 hence good for 

agriculture (Table – 5.3.12). One sample of Bisrakh Road station, Achheja, Dujana, 

Badalpur and Badhpura have MH less than 50. 

Probability distribution curve of MH percentage in all analysed samples are presented 

in Fig. 5.3.17, 5.3.18 & 5.3.19 (for year 2016, 2017 & 2018). Quantile plot was also 

drawn to summarize the magnesium hazard data obtained from analysis (Fig. 5.3.20).  

Narsimha et al., (2013) analysed magnesium hazard value of groundwater samples in 

Hanmakonda Area, Warangal District of Andhra Pradesh and reported that 89% of 

samples were suitable for irrigation. 
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Table – 5.3.12 Classification of studied groundwater samples based on Magnesium Hazard 

 

  
Fig. 5.3.17 Empirical probability distribution of 

MH in Groundwater samples (in year 2016) 

Fig. 5.3.18 Empirical probability distribution of 

MH in Groundwater samples (in year 2017) 

 

 
Fig. 5.3.19 Empirical probability distribution of MH in Groundwater samples (in year 2018) 

 

 

MH 

(%) 

Water Class 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

<50% Suitable 36.4% 36.4% 36.4% 36.4% 36.4% 36.4% 

>50% Unsuitable 63.6% 63.6% 63.6% 63.6% 63.6% 63.6% 
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Fig. 5.3.20 Box and Whisker plot of MH in Groundwater samples during study period 

 (2016-2018) 

 

5.3.2.7 Kelly Index (KI) 

Similar to sodium absorption ratio, kelly index is used to evaluate the relative 

concentration of sodium, calcium and magnesium in irrigational water (Gaikwad et 

al., 2019). Based on sodium content, kelly index is used to assess the fitness of 

underground water for irrigation purposes. Mathematical equation used for calculation 

of kelly index - 

 KI = 
  

     
  

All concentrations were taken in meq/L. According to classification given by Kelly, 

(1940; 1951) water having kelly index value greater than one is unsuitable for 

irrigation and water with kelly index value less than one is suitable for irrigation. 

Kelly index value of analysed groundwater samples ranged from 0.050 to 1.637 

meq/L (Table – 5.3.13). Higher values of KI were obtained from Achheja, Dairy 

Maccha and Badhpura stations. In 2016, around 91% of groundwater samples have KI 

value less than 1 and rest 9% of samples have KI value greater than 1. In 2017, 86.4% 

of samples were suitable (KI < 1) and 13.6% were unsuitable (KI > 1). In pre-

monsoon season of 2018, 90.9% samples were suitable and 9.1% were unsuitable for 
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irrigation but in post-monsoon season, 100% samples were fit for irrigation (Table – 

5.3.14).  

Distribution plot of KI value of groundwater samples showed that most of the samples 

were located on left side of plot in the range of 0 to 1 (Fig. 5.3.21, 5.3.22 & 5.3.23). 

From the analysis of box and whiskers plot, it is clear that data was symmetrical and 

only one outlier was present in year 2016 (Fig. 5.3.24).  

Table – 5.3.13 Kelly Index (KI) of Groundwater Samples during study period 

Water Quality 

Station 

Kelly Index (meq/L) of Groundwater Samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 0.557 0.512 0.892 0.590 0.491 0.479 

Duryai 0.394 0.384 0.472 0.429 0.400 0.372 

Duryai 0.305 0.290 0.614 0.325 0.281 0.279 

Talabpur 0.191 0.188 0.210 0.186 0.178 0.176 

Bisrakh Road 0.329 0.323 0.396 0.381 0.307 0.286 

Bisrakh Road 0.638 0.637 0.639 0.634 0.639 0.654 

Bisrakh Road 0.536 0.541 0.536 0.538 0.526 0.520 

Bisrakh Road 0.315 0.301 0.377 0.291 0.268 0.264 

Bisrakh Road 0.231 0.219 0.295 0.244 0.223 0.223 

Khera Dharampura 0.224 0.199 0.153 0.170 0.205 0.202 

Bishnuli 0.886 0.765 1.150 1.086 0.513 0.473 

Achheja 0.764 0.754 0.767 0.755 0.747 0.737 

Achheja 0.933 0.935 0.941 0.920 0.926 0.914 

Dujana 0.123 0.109 0.144 0.113 0.110 0.102 

Dujana 0.704 0.750 0.628 0.692 0.748 0.764 

Dujana 0.763 0.775 0.749 0.790 0.793 0.790 

Dujana 0.954 0.967 0.806 0.828 0.878 0.949 

Badalpur 0.942 0.993 0.806 0.836 0.845 0.845 

Sadopur 0.054 0.054 0.055 0.054 0.052 0.050 

Dairy Maccha 1.637 1.307 1.110 1.065 1.048 0.952 

Dhoom Manikpur 0.667 0.577 0.739 0.782 0.752 0.753 

Badhpura 1.238 1.144 1.242 1.255 1.035 0.934 

Minimum 0.054 0.054 0.055 0.054 0.052 0.050 

Maximum 1.637 1.307 1.242 1.255 1.048 0.952 

Mean 0.608 0.578 0.624 0.589 0.544 0.533 

 

Arslan, (2017) studied groundwater irrigation quality on the coastal aquifer of 

Çarşamba Plain, Turkey, from 1990 to 2012 and concluded that kelly index of 

groundwater is less than 1 in 1990. But in year 2012, 5.75% of the study area faced 

the problem of high sodium content in irrigation water. In Malwa region of Punjab, 

only 35% samples in eastern and 22.3% samples in western Malwa are suitable for 

irrigation in terms of kelly index (Ahada & Suthar, 2018). 
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Table – 5.3.14 Classification of studied groundwater samples based on Kelly Index  

 

  
Fig. 5.3.21 Empirical probability distribution of 

KI in Groundwater samples (in year 2016) 

Fig. 5.3.22 Empirical probability distribution of 

KI in Groundwater samples (in year 2017) 

 

 

Fig. 5.3.23 Empirical probability distribution of KI in Groundwater samples (in year 2018) 

 

 

KI 

(meq/L) 

Water 

Class 

Percentage of samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

<1 Suitable 90.9% 90.9% 86.4% 86.4% 90.9% 100% 

>1 Unsuitable 9.1% 9.1% 13.6% 13.6% 9.1% - 
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Fig. 5.3.24 Box and Whisker plot of KI in Groundwater samples during study period (2016-2018) 

 

5.3.2.8 Boron Toxicity 

Salt tolerance of various agricultural crops is different. High salt tolerance crops have 

special methods for managing high amount of salts. These type of crops can grow 

well in highly saline water. Many crops are highly sensitive to salt concentration of 

irrigation water. Sometimes even the lesser amount of salts in irrigation water, crops 

do not grow well due to boron sensitivity. Boron is essential for crops in low amounts, 

but toxic at higher concentrations. It causes burning and browning of the leaf top 

followed by yellowing of the margin. Many plants are very sensitive for boron 

toxicity. In fact, toxicity can occur on sensitive crops at concentrations less than 1.0 

mg/L (Table – 5.3.15) (McFarland, et al., 2002; Bauder et al., 2017).  

Boron content of analysed groundwater samples ranged from 0.19 to 3.14 mg/L 

(Table – 5.3.16). Boron concentration higher than 1 was obtained from Duryai, 

Talabpur, Bisrakh Road, Khera Dharampura, Achheja, Dujana and Badalpur water 

quality station. These stations were under the agricultural and industrial zone of study 

area. Groundwater of residential zone showed comparative lesser amount of boron. 

The results of study indicate leaching of agricultural water and industrial water were 

responsible for elevated concentration of boron in groundwater.   
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Table – 5.3.15 Critical value for Boron in irrigation water for major crops 

Critical value of 

Boron (mg/L) 

Sensitivity of crops Major Crops 

0.5-0.75 Highly Sensitive Peach, Onion, Peanuts 

0.76-1 Sensitive Wheat, Barley, Sunflower, Dry 

Bean 

1.1-2 Moderately Sensitive Carrot, Potato, Cucumber 

2.1-4 Moderately Tolerant Lettuce, Cabbage, Corn, Oats, 

Cotton 

4.1-6 Tolerant Alfalfa, Sugarbeet, Tomato 

 

Table – 5.3.16 Boron Toxicity of Groundwater Samples during study period 

Water Quality 

Station 

Boron (in mg/L) of Groundwater Samples 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Duryai 3.14 2.94 1.98 1.75 2.08 1.90 

Duryai 1.83 2.16 1.56 2.61 2.10 1.86 

Duryai 1.02 0.93 0.83 0.97 1.07 0.93 

Talabpur 2.67 2.13 2.69 1.91 2.41 2.12 

Bisrakh Road 1.08 1.04 0.93 0.91 0.84 0.83 

Bisrakh Road 0.47 0.39 0.61 0.72 0.64 0.59 

Bisrakh Road 1.34 1.21 1.79 1.14 1.46 1.19 

Bisrakh Road 1.03 1.05 1.46 1.20 1.58 1.43 

Bisrakh Road 0.89 0.79 1.10 1.12 1.15 1.07 

Khera Dharampura 1.12 1.09 1.32 0.97 0.91 0.83 

Bishnuli 0.88 0.84 0.81 0.78 0.87 0.76 

Achheja 0.67 0.74 0.83 0.79 0.69 0.83 

Achheja 0.65 0.76 0.93 0.87 1.08 0.89 

Dujana 0.99 0.89 1.15 1.05 1.88 1.64 

Dujana 0.88 0.80 0.99 0.81 1.05 1.00 

Dujana 1.10 1.08 1.13 1.04 1.35 1.18 

Dujana 0.86 0.78 0.91 0.88 1.05 0.90 

Badalpur 1.17 1.07 0.87 0.86 0.91 0.90 

Sadopur 0.32 0.30 0.34 0.34 0.31 0.31 

Dairy Maccha 0.57 0.55 0.41 0.41 0.55 0.54 

Dhoom Manikpur 0.21 0.191 0.22 0.21 0.31 0.30 

Badhpura 0.32 0.52 0.45 0.26 0.35 0.31 

Minimum 0.21 0.191 0.22 0.21 0.31 0.30 

Maximum 3.14 2.94 2.69 2.61 2.41 2.12 

Mean 1.06 1.01 1.06 0.98 1.12 1.01 
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SUMMARY 

In terms of salinity of water samples, groundwater of Bisrakh Road, Achheja, Dujana, 

Badalpur and Badhpura was very highly saline and unsuitable for irrigation. 

Groundwater samples of Achheja water quality station in year 2016, were very saline 

having electrical conductivity value 4251 and 4061 µmhos/cm. SAR values for all 

analysed samples were well below 10 meq/L, hence suitable for irrigation. In 

reference to RSC value, most of the samples were good for irrigation. Only one 

sample of Badhpura water quality station was unsuitable for irrigation.  

Na% of majority of analysed samples were 20 to 60% hence have good to marginal 

sodium hazard. Na% value of one sample of Dairy Maccha water quality station was 

62.68% hence unsuitable for agriculture. Groundwater samples of Khera Dharampura, 

Dujana and Sadopur were having good quality.  

Most of the samples showed PI value between 25% and 75% which is good for crop 

yield. Water samples of Dairy Maccha and Bishnuli were having suitable PI value. 

Nearly 63.6% of groundwater samples had magnesium hazard value greater than 50 

and hence unsuitable for irrigation. Samples of Khera Dharampura had maximum 

value of MH. Groundwater samples of Bishnuli, Dairy Maccha and Badhpura station 

have Kelly index value greater than 1 and hence unsuitable for irrigation.  

The results of the study revealed that irrigational water quality of residential zone was 

comparatively poorer than industrial and agricultural zone. However boron toxicity 

was found higher in samples collected from industrial zone of study area (Duryai, 

Talabpur, Bisrakh Road, Khera Dharampura, Achheja, Dujana and Badalpur).  
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5.4.1. INTRODUCTION 

Water is an important aspect of life on earth and most of the civilizations bloomed 

around the places where potable water was present. Various activities performed by 

humans need clean and fresh water (Cheremisinoff, 1997). A specific quality of water 

is required for cultivation, human consumption, and to run industries. As long as the 

human population was small, communities were scattered and industries yet to 

appear, wastewater created no problem and it could be disposed safely in vast 

expanse of nature without creating any environment problem. However by the end 

of twentieth century the industrial development and fast urbanization created a 

problem of wastewater and its disposal. It was simply discharged in natural water 

bodies, which created a new problem of water pollution. Wastewater is defined as 

liquid wastes originated due to various man made activities. The characteristics of 

waste water generated in any area depends upon the land use pattern of that area 

(Youcai, 2018).  

The impact of the agricultural, industrial and domestic wastewater on ground water 

quality was studied to get extent of ground water pollution. Waste water originated 

from an industrial area contains a large quantity of dissolved ions, heavy metals and 

hazardous substances. While waste water coming from residential area contains 

nitrogenous wastes, phosphate and dissolved organic matter.  

To understand the effect of waste water on groundwater quality, one sample from 

agricultural zone, eight samples from industrial zone and four samples from 

residential zone of study area, were collected from various drains during pre-monsoon 

& post-monsoon season of year 2016, 2017 and 2018 (Table – 4.2). Physico-chemical 

parameters and eight heavy metals (As, Cd, Cr, Cu, Ni, Pb, Fe & Zn) were analysed in 

collected waste water samples. General characteristics of waste water originated from 

various land use patterns was also done.  

 Agricultural waste water charcateristics, 

 Industrial waste water charcateristics, 

 Residential waste water charcateristics, 
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5.4.2 AGRICULTURAL WASTE WATER CHARCATERISTICS 

The composition of wastewater depends upon its source. In agricultural area, the 

waste water is greatly affected by amount of rainfall, irrigation return flow, type of 

crops, quality/quantity of applied fertilizers & pesticides. Major factors which affect 

the characteristics of waste water in agricultural area are- 

Extensive use of fertilizers: The application of nitrogen rich fertilizers is very 

popular to enhance the crop yield. The increased use of nitrogen rich fertilizers 

promotes the chances of nitrogen loss from the soil. Most of the time nitrate 

requirement of crop is much lesser than the quantity of fertilizers added to it, as a 

result excess of NO3-N accumulate in the soil (Schepers et al., 1991). Most commonly 

used fertilizers are- urea, ammonium nitrate, ammonium sulphate, calcium nitrate, di-

ammonium phosphate, triple super phosphate, potassium nitrate, potassium chloride 

etc. Nitrogenous fertilizers when applied to soil it readily converts into nitrate. Nitrate 

compounds easily dissolve in water and hence readily leached with water. 

Introduction of these fertilizers to increase the crop production also increase nitrogen, 

phosphorus, potassium level in soil which ultimately washed away with rain water 

(Suthar et al., 2009).  

Irrigation: Irrigation essentially means the watering of crop land to prepare it for 

agricultural activities. An irrigation system is defined as providing of water to growing 

plants and crops through artificial canals and channels. Besides the traditional methods 

of irrigation, currently drip irrigation & sprinkler irrigation method are widely used. 

These methods are water economically without wastage. Irrigation of crop through 

river/canal or groundwater adds a significant quantity of ions in the soil. The leaching 

of ions through soil is more prevalent in highly irrigated agricultural area. All the 

amount of added ions can’t be consumed by the crop and flush with irrigation return 

flow (Kundu & Mandal, 2009).  

Waste water sample (L1) collected from village Talabpur was analysed to understand 

the effect of agricultural activities on waste water (Table – 4.2). 

5.4.3 INDUSTRIAL WASTE WATER CHARCATERISTICS 

Various kinds of liquid wastes generated through industries are termed as industrial 

wastewater. Characteristics of industrial wastewater in a region varies according to 
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types of industries running in that region,  process involved in industries, water 

requirement of the industry and type of wastes generated during manufacturing 

process. Seasonal fluctuations in the industrial wastewater discharges may also occur 

due to seasonal processing in various industries. In urbanized areas, industrial effluent 

contributes majorly in total waste water generated in area and plays crucial role in 

hydrological cycle. Various types of manufacturing units are running in villages of 

district Gautam Budh Nagar. Systematic sampling of waste water was done to analyze 

the characteristics of waste water of industrial area. Eight samples of waste water (L2-

L9) were collected near from different manufacturing units (Table – 4.2). Sampling 

locations of waste water samples and nearby industries are given in Table – 5.4.1.  

5.4.4 RESIDENTIAL WASTE WATER CHARCATERISTICS  

India is a big country with more than 1.3 billion population hence the volume of 

domestic water is large. The treatment of domestic waste is not carried out in 

regular practice. Only metro and big cities have domestic and sewage treatment 

plants. According to census 2011, total population of Gautam Budh Nagar district is 

16,48,115 with a population frequency of 1286 persons/Km
2
. Population growth of 

district during 2001-2011 is 49.11%. The growth rates for rural and urban areas of 

the district are 1.63% and 120.29% respectively. This data reflects increasing 

urbanization in current study area. Generation of huge amount of waste water is a 

major problem in urbanized areas. Collection and proper disposal of domestic 

wastewater is a challenge in our society. Conventional methods are not sufficient for 

disposal of wastes. The quality of waste water is the resultant of domestic activities. 

Various activities which affects the characteristics of waste water of residential zone 

are; climate, habits of the people, unsewered sanitation, open land and stream 

discharge of sewage, sewage oxidation ponds, sewer leakage, solid waste disposal, 

landfills, road/urban run-off and aerial fall out. The major component of domestic 

waste water is urea [CO(NH2)]. It is hydrolyzed to ammonia and carbon di-oxide by 

the enzyme urease present in sewage. Waste water originated from residential area is 

organic in nature. Various compounds of carbon, nitrogen and phosphorus are found 

in it. Ground water in several areas, where sewage is being discharged without proper 

treatment, has been adversely affected by contaminants associated with sewage 

(Abdalla & Khalil, 2018). 
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              Table – 5.4.1 Sampling Stations of Waste water and Nearby Industries 

Waste 

water 

Sample 

No. 

Sampling 

Station 
Nearby Industry Products Manufactured 

L1 Talabpur 
SVS Wires Pvt. 

Ltd. 

Polyethylene coated, nickel chrome, epoxy 

coated, stainless steel, nylon coated wire 

shelves, freezer baskets, dish washer racks, 

wire-on tube condenser etc. 

L2 Bisrakh Road 

Surya Processors 

Pvt. Ltd., 

Surya Textiles. 

Dyeing, Weaving, Printing and Yarn-dyed 

fabrics. 

L3 Bisrakh Road 
Assomach 

Machines Ltd. 
Wire drawing machinery.  

L4 Bisrakh Road 

Shri Balaji 

Garments 

Industries(P) Ltd. 

Plastic injection molding, Industrial plastic 

buckets, Paint plastic buckets, Chemical 

plastic buckets, Chemical plastic jar, 

Engine oil Buckets, and Lubricant oil 

buckets. 

L5 Bisrakh Road Harsh Chemicals. 

Industrial chemicals, Thinners, Solvents, 

Chemicals and Organic/ Inorganic 

Solvents. 

L6 Bisrakh Road Suchi Paper Mill. Paper product. 

L7 
Khera 

Dharampura 

JMD industry, 

KRBL Limited 

Rice mill. 

Overhead water tanks (NIPCO), Basmati 

rice (India Gate, Doon, Nur Jahan, Indian 

Farm, Bemisal, Aarati etc.). 

L8 Bishnuli 
Garg Tube 

limilted. 

Pipes and Tubes (ERW black steel pipe, 

Galvanized steel pipes). 

L9 Achheja CHW forge. Forgings and Flanges.  

L10 Dairy Maccha    

L11 
Dhoom 

Manikpur 

Deep Chand Arya 

Industries. 
Nirma Bath soap. 

L12 
Dhoom 

Manikpur 
Ambuja Cement. Cement. 

L13 Badhpura   
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Domestic waste water of three villages was analysed to explain the effects of human 

activity on waste water discharge.  

1. Dairy Maccha  nallah (L10) 

2. Dhoom Manikpur nallah (L11, L12) 

3. Badhpura nallah (L13) 

Results of physico-chemical and heavy metal analysis of collected waste water 

samples are presented under two sub-headings. 

1. Physico-chemical Parameters 

2. Heavy Metals 

5.4.5 PHYSICO-CHEMICAL PARAMETERS 

5.4.5.1 Hydrogen Ion Concentration (pH) 

Hydrogen ion concentration (pH) of water is determined mainly by the equilibrium 

between the concentration of free carbon dioxide, bicarbonates and carbonates. pH 

value of water is affected by the presence of chemical and organic substances. 

Anthropogenic activities such as chemical spills, agricultural runoff, sewage effluents 

and soil leaching disturbs the natural pH of water.  

Analytical results of pH of waste water samples during study period are presented in 

Table – 5.4.2. The range of pH in waste water samples under study was from 5.87 to 

9.71 with a mean value of 7.63. Most of the collected samples have alkaline pH. 

Similar type of trend; neutral to alkaline (7.09 to 9.15) was obtained in groundwater 

samples of study area. A variation in pH value was observed in different zone of study 

area; 7.15 to 8.4 in agricultural zone, 5.89 to 9.71 in industrial zone and 5.87 to 8.65 

in residential zone. A wide range of pH of waste water in industrial area indicates the 

presence of various types of chemicals in it. Fig. 5.4.1 explains the relation between 

pH of groundwater and waste water samples in three different zone of study area. 

Environment Protection rule, 1986 sets a range of pH (5.5 – 9) for inland surface 

water and public sewers (Table – 4.8). Three waste water samples collected from 

industrial zone (L3, L5 and L9) crossed the upper limit of pH in effluents. Alkaline 

nature of leachate coming from closed dumpsite was observed by Maitia et al., 2016 

in Dhapa, Kolkata. 
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Table – 5.4.2 pH of Waste Water samples during Study period (2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 8.4 7.67 7.39 

Post-monsoon 7.85 7.15 7.56 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 8.18 7.66 7.8 

Post-monsoon 8.1 8.05 7.15 

L3 Bisrakh Road 
Pre-monsoon 7.62 8.62 9.13 

Post-monsoon 7.2 8.15 8.7 

L4 Bisrakh Road 
Pre-monsoon 7.53 8.72 8.1 

Post-monsoon 7.86 7.79 8.08 

L5 Bisrakh Road 
Pre-monsoon 9.28 9.31 8.35 

Post-monsoon 8.58 7.5 7.8 

L6 Bisrakh Road 
Pre-monsoon 7.7 7.32 7.2 

Post-monsoon 7.54 8.12 7.1 

L7 
Khera 

Dharampura 

Pre-monsoon 5.89 6.81 7.12 

Post-monsoon 6.71 6.95 7.15 

L8 Bishnuli 
Pre-monsoon 6.57 7.37 7.85 

Post-monsoon 6.61 7.12 7.3 

L9 Achheja 
Pre-monsoon 9.71 8.43 7.46 

Post-monsoon 8.77 7.91 6.89 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 7.91 7.83 8.1 

Post-monsoon 7.44 7.81 7.91 

L11 Dhoom Manikpur 
Pre-monsoon 6.33 7.8 7.22 

Post-monsoon 6.89 7.53 8.65 

L12 Dhoom Manikpur 
Pre-monsoon 6.33 5.87 6.19 

Post-monsoon 6.85 6.21 6.15 

L13 Badhpura 
Pre-monsoon 7.6 7.5 8.6 

Post-monsoon 7.89 7.65 7.9 

 

5.4.5.2 Electrical Conductivity (EC) 

Pure water has a very low electrical conductivity but effluents from industries, city 

wastages, mining operations, agricultural runoffs etc. have high conductivity values. 

The septic tank effluents having higher ionic concentrations contribute to high 

conductance value (Allhajjar et al., 1990). 

Analytical results of electrical conductivity of waste water samples during study 

period are shown in Table – 5.4.3. 
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Table – 5.4.3 Electrical Conductivity (in µmhos/cm) of Waste Water 

samples during Study period (2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 1880 1654 2234 

Post-monsoon 1810 1835 2123 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 1265 1100 1650 

Post-monsoon 1230 1210 1510 

L3 Bisrakh Road 
Pre-monsoon 3308 2650 4740 

Post-monsoon 3220 3885 4506 

L4 Bisrakh Road 
Pre-monsoon 3680 2607 4500 

Post-monsoon 3603 3601 4085 

L5 Bisrakh Road 
Pre-monsoon 5090 4354 5600 

Post-monsoon 4715 5148 4885 

L6 Bisrakh Road 
Pre-monsoon 2250 1568 2000 

Post-monsoon 2167 1700 1880 

L7 
Khera 

Dharampura 

Pre-monsoon 3119 2604 3534 

Post-monsoon 3020 2540 3230 

L8 Bishnuli 
Pre-monsoon 3878 2639 3856 

Post-monsoon 3713 3460 3668 

L9 Achheja 
Pre-monsoon 4793 2670 4439 

Post-monsoon 4650 3770 4290 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 2665 2268 3045 

Post-monsoon 2587 2470 2782 

L11 
Dhoom 

Manikpur 

Pre-monsoon 1200 997 1613 

Post-monsoon 1130 1203 1560 

L12 
Dhoom 

Manikpur 

Pre-monsoon 2820 1628 2900 

Post-monsoon 2778 1990 2885 

L13 Badhpura 
Pre-monsoon 4530 2201 4655 

Post-monsoon 4378 2550 4153 

 

Electrical conductivity of agricultural waste water of study area ranged from 1654 to 

2234 µmhos/cm. Electrical conductivity of waste water from all industries was found 

to be in the range of 1100 to 5600 µmho/cm giving a mean value 3283 µmhos/cm. 

The minimum electrical conductivity was recorded from the waste water sample taken 

from Bisrakh Road (L2) while maximum was recorded in sample L5. A chemical 

factory was present near to the source of sample L5, which contributed to high 

electrical conductance of waste water sample. Electrical conductivity of the effluent 

depends on the type of industry running. Electrical conductance of domestic waste 
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water of study area was also very high (ranged from 997 to 4655 µmhos/cm). The 

electrical conductance of Dhoom Manikpur nallah was recorded minimum while the 

maximum was recorded from Badhpura nallah. Fig. 5.4.2 demonstrates the relation 

between conductance of groundwater and waste water samples in three different zone 

of study area. Kamble & Sharma, (2016) studied the impact of leachate originated 

from a dumpsite on groundwater quality in Jawaharnagar village of Telangana. 

Conductivity of leachate sample decreased from 55000 µmho/cm to 6450 µmho/cm 

after rainfall. 

5.4.5.3 Total Dissolved Solids (TDS)  

Total suspended solids in waste water mainly contain carbonates, bicarbonates, 

chlorides, sulfates, phosphates, nitrates and fluorides of Na, K, Ca, Mg and Mn along 

with organic matters, silts etc. It represents quantity of substances present in water 

other than suspended solids.  

Analytical results of total dissolved solids of waste water samples during study period 

are presented in Table – 5.4.4. Total dissolved Solids of waste water of study area 

were recorded in a great variation. The minimum total dissolved Solids (648 mg/L) 

was recorded from Dhoom Manikpur nallah in pre-monsoon sample of year 2017 

while maximum (3642 mg/L) was recorded from Bisrakh Road (L5) in pre-monsoon 

sample of year 2018. Total dissolved solids of analysed waste water samples in 

agricultural zone ranged from 1075 mg/L to 1451 mg/L.  Total dissolved solids of 

industrial waste water were found to vary from 715 to 3642 mg/L. The minimum total 

  

Fig. 5.4.1 Mean pH value of Waste water and 

Groundwater samples in different zone of study 

area 

Fig. 5.4.2 Mean Electrical Conductivity of Waste 

water and Groundwater samples in different zone 

of study area 
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dissolved solid was recorded from waste water sample L2 from Bisrakh Road while 

maximum recorded from waste water sample L5 from Bisrakh Road. TDS of 

domestic waste water was recorded minimum of 648 mg/L in Dhoom Manikpur 

nallah and maximum of 3027 mg/L in Badhpura Nallah. Fig. 5.4.3 describes the 

relation between mean value of TDS in groundwater and waste water samples in three 

different zone of study area. Olaoye & Oladeji, (2015) analysed characteristics of 

effluent of paint industry in Ibadan of Nigeria and reported TDS of 987 mg/L. 

Table – 5.4.4 Total Dissolved Solids (in mg/L) of Waste Water samples during 

Study period (2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 1225 1075 1451 

Post-monsoon 1175 1194 1378 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 821 715 1074 

Post-monsoon 801 788 983 

L3 Bisrakh Road 
Pre-monsoon 2149 1723 3080 

Post-monsoon 2095 2527 2930 

L4 Bisrakh Road 
Pre-monsoon 2393 1695 2926 

Post-monsoon 2344 2340 2657 

L5 Bisrakh Road 
Pre-monsoon 3310 2830 3642 

Post-monsoon 3068 3348 3173 

L6 Bisrakh Road 
Pre-monsoon 1466 1019 1305 

Post-monsoon 1411 1108 1220 

L7 
Khera 

Dharampura 

Pre-monsoon 2029 1693 2298 

Post-monsoon 1965 1652 2101 

L8 Bishnuli 
Pre-monsoon 2515 1715 2508 

Post-monsoon 2418 2250 2382 

L9 Achheja 
Pre-monsoon 3118 1736 2888 

Post-monsoon 3025 2453 2790 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 1731 1475 1980 

Post-monsoon 1680 1607 1810 

L11 
Dhoom 

Manikpur 

Pre-monsoon 781 648 1050 

Post-monsoon 733 783 1015 

L12 
Dhoom 

Manikpur 

Pre-monsoon 1835 1058 1887 

Post-monsoon 1804 1295 1877 

L13 Badhpura 
Pre-monsoon 2943 1431 3027 

Post-monsoon 2847 1656 2700 
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5.4.5.4 Turbidity 

Analytical results of turbidity of waste water samples during study period are 

presented in Table – 5.4.5. During study period, turbidity value of waste water sample 

was recorded from 13 to 723 NTU.  

Table – 5.4.5 Turbidity (in NTU) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultur

al Zone 
L1 Talabpur 

Pre-monsoon 41 18 56 

Post-monsoon 22 13 23 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 38 30 45 

Post-monsoon 29 26 18 

L3 Bisrakh Road 
Pre-monsoon 25 20 45 

Post-monsoon 22 15 16 

L4 Bisrakh Road 
Pre-monsoon 77 25 51 

Post-monsoon 40 21 48 

L5 Bisrakh Road 
Pre-monsoon 91 83 76 

Post-monsoon 40 55 29 

L6 Bisrakh Road 
Pre-monsoon 67 88 77 

Post-monsoon 36 45 37 

L7 
Khera 

Dharampura 

Pre-monsoon 48 36 53 

Post-monsoon 15 13 44 

L8 Bishnuli 
Pre-monsoon 130 238 218 

Post-monsoon 97 115 150 

L9 Achheja 
Pre-monsoon 128 103 204 

Post-monsoon 98 77 151 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 230 139 140 

Post-monsoon 180 112 89 

L11 
Dhoom 

Manikpur 

Pre-monsoon 56 16 51 

Post-monsoon 32 44 29 

L12 
Dhoom 

Manikpur 

Pre-monsoon 545 691 723 

Post-monsoon 438 662 580 

L13 Badhpura 
Pre-monsoon 46 35 75 

Post-monsoon 78 56 108 

 

Agricultural waste water showed turbidity range of 13 to 56 NTU. Turbidity value of 

industrial waste water was recorded minimum 13 NTU at Khera Dharampura in post-
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monsoon of year 2017 and maximum 238 NTU at Bishnuli in pre-monsoon of year 

2017. Domestic waste water has a wide range of turbidity value; from 16 to 723 NTU. 

Waste water sample L12 collected from Dhoom Manikpur showed exceptionally high 

turbidity. The source of high turbidity was effluent coming from cement industry 

present near to sampling location of L12. Fig. 5.4.4 explains the relation between 

mean concentration of turbidity in groundwater and waste water samples in three 

different zone of study area. 

  

Fig. 5.4.3 Mean Total Dissolved Solids of Waste water and 

Groundwater samples in different zone of study area 

Fig. 5.4.4 Mean Turbidity of Waste water and 

Groundwater samples in different zone of study area 

5.4.5.5 Total Hardness 

Effluent of inorganic chemical industries and mining industries have very high value 

of total hardness (Pittyjohn, 1972). Waste water of construction sites, paper industry, 

sugar refining, petroleum refining, tanning industry and water treatment process also 

shows elevated level of hardness (Mc Quarrie, 1966). Magnesium and its alloys are 

used in textile, molds, die castings, paper industries, portable tools, tanning and in 

general household goods. Magnesium salts are utilized in fertilizers ceramics, 

explosives and medicines (Bech, 1966).  

Analytical results of total hardness of waste water samples during study period are 

illustrated in Table – 5.4.6. 

During the period under study, total hardness of waste water varied from 243 to 1190 

mg/L. Maximum hardness was recorded from Badhpura nallah in pre-monsoon 

sample (L13) of year 2018 and minimum hardness was from Dhoom Manikpur nallah 

in pre-monsoon sample (L11) of year 2017. In agricultural zone, total hardness varied 
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from 429 to 549 mg/L. Hardness of waste water of industrial zone gave a minimum 

value of 254 mg/L and a maximum value of 1079 mg/L. Total hardness in residential 

zone ranged between 243 and 1190 mg/L. Maximum mean total hardness (705 mg/L) 

was obtained from industrial zone of study area. Fig. 5.4.5 justifies the relation 

between mean total hardness in groundwater and waste water samples in three 

different zone of study area. 

Table – 5.4.6 Total Hardness (in mg/L) of Waste Water samples during Study 

period (2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 447 466 549 

Post-monsoon 429 446 522 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 265 271 347 

Post-monsoon 254 256 321 

L3 Bisrakh Road 
Pre-monsoon 847 868 1042 

Post-monsoon 824 852 992 

L4 Bisrakh Road 
Pre-monsoon 847 858 1027 

Post-monsoon 828 815 929 

L5 Bisrakh Road 
Pre-monsoon 549 576 625 

Post-monsoon 499 562 552 

L6 Bisrakh Road 
Pre-monsoon 506 396 432 

Post-monsoon 482 383 414 

L7 
Khera 

Dharampura 

Pre-monsoon 697 731 860 

Post-monsoon 677 668 811 

L8 Bishnuli 
Pre-monsoon 805 732 1017 

Post-monsoon 772 713 959 

L9 Achheja 
Pre-monsoon 1008 903 1079 

Post-monsoon 1022 909 1040 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 554 538 640 

Post-monsoon 543 510 590 

L11 
Dhoom 

Manikpur 

Pre-monsoon 292 243 322 

Post-monsoon 279 255 306 

L12 
Dhoom 

Manikpur 

Pre-monsoon 790 608 691 

Post-monsoon 769 541 679 

L13 Badhpura 
Pre-monsoon 1126 644 1190 

Post-monsoon 1108 644 1040 
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5.4.5.6 Calcium 

Analytical results of calcium content of waste water samples during study period are 

presented in Table – 5.4.7. Calcium concentration of waste water collected from study 

area, ranged from 21.37 to 273 mg/L. In agricultural zone, calcium concentration was 

found between 60.54 and 75.48 mg/L.  

Table - 5.4.7 Calcium (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 60.82 62.80 75.48 

Post-monsoon 62.13 60.54 71.84 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 32.37 32.80 42.34 

Post-monsoon 30.40 31.46 37.95 

L3 Bisrakh Road 
Pre-monsoon 213.40 218.40 263.10 

Post-monsoon 208.00 215.20 248.90 

L4 Bisrakh Road 
Pre-monsoon 223.50 226.90 273.00 

Post-monsoon 220.60 216.67 247.56 

L5 Bisrakh Road 
Pre-monsoon 23.70 25.20 27.62 

Post-monsoon 21.37 23.70 24.13 

L6 Bisrakh Road 
Pre-monsoon 91.08 71.60 78.71 

Post-monsoon 87.53 69.17 74.75 

L7 
Khera 

Dharampura 

Pre-monsoon 188.70 197.60 233.70 

Post-monsoon 185.00 178.90 218.00 

L8 Bishnuli 
Pre-monsoon 175.30 159.20 212.60 

Post-monsoon 169.30 157.00 202.40 

L9 Achheja 
Pre-monsoon 220.80 198.00 235.80 

Post-monsoon 222.60 197.40 227.70 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 65.00 62.40 74.00 

Post-monsoon 64.00 61.00 68.45 

L11 Dhoom Manikpur 
Pre-monsoon 61.83 36.80 45.77 

Post-monsoon 57.12 34.36 43.40 

L12 Dhoom Manikpur 
Pre-monsoon 57.61 43.20 58.67 

Post-monsoon 56.35 38.42 59.14 

L13 Badhpura 
Pre-monsoon 108.20 66.80 125.40 

Post-monsoon 110.8 67.80 111.80 

 

In industrial waste water, analysed calcium content was from 21.37 mg/L (from 

sample L5 of Bisrakh Road) to 273 mg/L (from sample L4 of Bisrakh Road). A range 



Effect of Waste water on Groundwater Quality 

288 | P a g e  
 

of 34.36 mg/L (from sample L11 of Dhoom Manikpur) to 125.4 mg/L (from sample 

L13 of Badhpura) of calcium was observed in domestic waste water. Fig. 5.4.6 

describes the relation between mean concentration of calcium in groundwater and 

waste water samples in three different zone of study area. 

Tariq et al., (2008) studied effects of effluent of tanning industries on groundwater 

quality in Kasur city of Pakistan. They reported mean calcium content of 187 mg/L in 

groundwater samples. 

  

Fig. 5.4.5 Mean Total Hardness of Waste water and 

Groundwater samples in different zone of study 

area 

Fig. 5.4.6 Mean calcium concentration of Waste 

water and Groundwater samples in different zone of 

study area 

5.4.5.7 Magnesium 

Magnesium compounds are widely used in various industries. The hydroxides, 

carbonates, oxides, chlorides and sulphates of magnesium are used as a raw material 

in fertilizers industry, ceramic industry, pharmaceuticals, explosive industry etc. 

Magnesium alloys are used to make die casting and molds. 

Analytical results of magnesium in waste water samples throughout the study period 

(2016, 2017 & 2018) are given in Table – 5.4.8.  

The observed range of analysed magnesium in waste water samples was from 33.1 to 

213.8 mg/L. Maximum mean value of magnesium was obtained from residential zone 

of study area. Increasing order of mean magnesium concentration in three different 

zone study area was – 76.0 (agricultural zone) < 80.51 (industrial zone) < 110.98 

(residential zone). Magnesium content of waste water samples decreased in post-

monsoon season due to dilution with rain water. Higher magnesium was obtained 

To
ta

l H
ar

d
n

es
s 

(i
n

 m
g/

L)
 



Effect of Waste water on Groundwater Quality 

289 | P a g e  
 

from samples taken from Bisrakh Road (L5), Achheja (L9), Dhoom Manikpur nallah 

and Badhpura nallah. Fig. 5.4.7 presented mean concentration of magnesium in 

groundwater and waste water samples in three different zone of study area. 

Magnesium content of groundwater was found high in groundwater samples of Kasur 

city of Pakistan due to effluent of tanning industry (Tariq et al., 2008). 

Table – 5.4.8 Magnesium (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 71.84 74.16 87.99 

Post-monsoon 66.68 71.86 83.49 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 44.81 45.36 58.87 

Post-monsoon 43.37 43.27 55.16 

L3 Bisrakh Road 
Pre-monsoon 76.58 78.24 93.79 

Post-monsoon 74.18 76.64 90.10 

L4 Bisrakh Road 
Pre-monsoon 70.30 70.60 84.00 

Post-monsoon 67.56 66.56 75.56 

L5 Bisrakh Road 
Pre-monsoon 119.50 123.00 135.70 

Post-monsoon 108.60 122.50 119.80 

L6 Bisrakh Road 
Pre-monsoon 67.80 52.08 57.32 

Post-monsoon 64.31 51.14 55.45 

L7 
Khera 

Dharampura 

Pre-monsoon 55.04 56.88 67.26 

Post-monsoon 52.39 53.76 64.90 

L8 Bishnuli 
Pre-monsoon 89.42 81.20 118.39 

Post-monsoon 85.16 78.25 110.50 

L9 Achheja 
Pre-monsoon 111.20 99.14 119.30 

Post-monsoon 113.50 101.40 114.70 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 95.54 91.68 110.88 

Post-monsoon 93.50 87.29 102.20 

L11 
Dhoom 

Manikpur 

Pre-monsoon 33.40 36.24 50.70 

Post-monsoon 33.10 38.15 48.18 

L12 
Dhoom 

Manikpur 

Pre-monsoon 157.54 120.00 132.80 

Post-monsoon 153.20 108.50 129.50 

L13 Badhpura 
Pre-monsoon 208.60 114.50 213.80 

Post-monsoon 202.80 115.70 185.60 
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5.4.5.8 Sodium 

Sodium content of waste water of study area was recorded in a great variation. 

Analytical results of sodium in waste water samples throughout the study period 

(2016, 2017 & 2018) are given in Table – 5.4.9.  

The minimum sodium concentration (78.7 mg/L) was recorded from Dhoom 

Manikpur nallah in post-monsoon sample of year 2016 while maximum (791.9 mg/L) 

was recorded from Bisrakh Road (L5) in pre-monsoon sample of year 2018. Sodium 

content of analysed waste water samples in agricultural zone, ranged from 122.7 mg/L 

to 160.3 mg/L. Sodium content of industrial waste water was found to vary from 

109.7 to 791.9 mg/L. Sodium of domestic waste water was recorded minimum of 78.7 

mg/L in Dhoom Manikpur nallah (L11) and maximum of 361.8 mg/L in Badhpura 

Nallah (L13). Mean sodium content of waste water samples were very much higher 

tha mean sodium content of groundwater samples (Fig. 5.4.8). Mean sodium 

concentration in waste water samples was found highest in industrial zone of study 

area. The calculated value of mean sodium concentration in different zone of area 

was; 305.58 (Industrial) > 189.52 (Residential) > 137.83 (Agricultural). Domestic 

sewage is an important source of sodium in waste water.  

Naveen et al., (2016) analysed a range of 3016 to 3710 mg/L of sodium in leachates 

originated from Mavallipura landfill site in Bangalore. Similar type of study was done 

by Kamble & Saxena, (2016) in Jawaharnagar village of Telangana. 

  

Fig. 5.4.7 Mean magnesium concentration of Waste 

water and Groundwater samples in different zone of 

study area 

Fig. 5.4.8 Mean Sodium concentration of Waste water 

and Groundwater samples in different zone of study 

area 
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Table – 5.4.9 Sodium (in mg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 129.60 133.70 160.30 

Post-monsoon 122.70 130.40 150.30 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 114.10 116.30 150.20 

Post-monsoon 109.70 114.60 139.20 

L3 Bisrakh Road 
Pre-monsoon 273.50 280.10 335.10 

Post-monsoon 264.30 277.40 317.30 

L4 Bisrakh Road 
Pre-monsoon 276.87 283.20 340.56 

Post-monsoon 272.50 270.00 308.63 

L5 Bisrakh Road 
Pre-monsoon 705.40 720.80 791.90 

Post-monsoon 665.90 716.40 688.20 

L6 Bisrakh Road 
Pre-monsoon 213.90 165.30 183.80 

Post-monsoon 208.20 162.40 173.60 

L7 Khera Dharampura 
Pre-monsoon 190.80 201.90 240.30 

Post-monsoon 187.10 182.70 229.80 

L8 Bishnuli 
Pre-monsoon 338.50 308.60 315.50 

Post-monsoon 324.00 305.40 299.40 

L9 Achheja 
Pre-monsoon 435.70 245.70 277.40 

Post-monsoon 431.60 246.20 268.10 

Residential 

Zone 

L10 Dairy Maccha 
Pre-monsoon 257.00 244.00 292.10 

Post-monsoon 247.50 235.67 264.70 

L11 Dhoom Manikpur 
Pre-monsoon 82.77 95.95 123.80 

Post-monsoon 78.70 99.70 125.10 

L12 Dhoom Manikpur 
Pre-monsoon 116.30 88.82 118.40 

Post-monsoon 114.80 79.61 115.80 

L13 Badhpura 
Pre-monsoon 361.80 202.10 351.30 

Post-monsoon 352.4 198.60 301.60 

 

5.4.5.9 Potassium 

Potassium content of waste water of study area was recorded in a great variation. 

Analytical results of potassium in waste water samples throughout the study period 

(2016, 2017 & 2018) are given in Table – 5.4.10.  

The minimum potassium concentration (8.31 mg/L) was recorded from Dhoom 

Manikpur nallah in post-monsoon sample of year 2017 while maximum (162.7 mg/L) 

was recorded from Khera Dharampura (L12) in pre-monsoon sample of year 2018.  
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Table – 5.4.10 Potassium (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 36.86 38.10 45.32 

Post-monsoon 37.15 36.34 42.05 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 24.69 25.95 32.74 

Post-monsoon 25.95 23.47 29.12 

L3 Bisrakh Road 
Pre-monsoon 54.78 56.00 67.10 

Post-monsoon 52.14 54.34 64.75 

L4 Bisrakh Road 
Pre-monsoon 53.89 56.00 68.45 

Post-monsoon 51.50 54.56 62.99 

L5 Bisrakh Road 
Pre-monsoon 56.62 58.80 64.58 

Post-monsoon 52.50 59.60 56.28 

L6 Bisrakh Road 
Pre-monsoon 37.43 29.60 32.46 

Post-monsoon 35.46 29.02 29.84 

L7 Khera Dharampura 
Pre-monsoon 130.20 138.10 162.70 

Post-monsoon 125.30 127.90 153.60 

L8 Bishnuli 
Pre-monsoon 101.00 92.85 88.92 

Post-monsoon 96.76 90.89 84.37 

L9 Achheja 
Pre-monsoon 95.16 87.43 102.80 

Post-monsoon 97.45 87.12 98.72 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 37.70 36.35 43.00 

Post-monsoon 36.50 36.25 40.00 

L11 Dhoom Manikpur 
Pre-monsoon 42.23 45.83 55.06 

Post-monsoon 45.70 43.12 52.14 

L12 Dhoom Manikpur 
Pre-monsoon 12.50 9.00 12.73 

Post-monsoon 13.51 8.31 11.81 

L13 Badhpura 
Pre-monsoon 123.40 88.00 144.50 

Post-monsoon 112.90 87.80 127.50 

 

Potassium content of analysed waste water samples in agricultural zone extended 

from 23.47 mg/L to 162.7 mg/L. Potassium content of industrial waste water was 

found from 109.7 to 791.9 mg/L. Potassium of domestic waste water was recorded 

minimum of 8.31 mg/L in Dhoom Manikpur nallah (L12) and maximum 144.5 mg/L 

in Badhpura nallah (L13). Mean potassium content of waste water samples were very 

much higher tha mean potassium content of groundwater samples (Fig. 5.4.9). Mean 

potassium concentration in waste water samples was found highest in industrial zone 

of study area. The calculated value of mean potassium concentration in different zone 
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of area was; 70.04 (Industrial) > 52.74 (Residential) > 39.30 (Agricultural). 

Compounds of potassium are utilized in the manufacturing of fertilizers, glass, baking 

powder, soft drinks, explosives, pigments etc. A big rice mill was present in Khera 

Darampura village and effluent of rice industry contains a considerable amount of 

potassium. Occurrence of high concentration of potassium in waste water samples 

collected from Khera Dharampura village can be attributed to effluents discharged 

from rice industry. A concentration of 298 mg/L potassium in effluent of rice mill in 

Burdwan district of West Bengal, was documented by Dutta et al., (2015). 

5.4.5.10 BORON 

A widely used compound of boron is borax which is required for the manufacturing of 

heat resistant glasses, fiberglass, fertlizers, detergents, porcelain etc. The domestic 

waste water contains a considerable amount of borate from cleaning agents. Sodium 

tetra-borate (borax) is widely used as a cleaning aid for which it may be present in 

sewage and industrial waste. Boric acid, borates, and perborates are used in 

antiseptics, cosmetic products, medicines (as pH buffers), boron neutron capture 

therapy, fertilizers and pesticides.  

Analytical results of boron in waste water samples throughout the study period (2016, 

2017 & 2018) are given in Table – 5.4.11. During the period under study, boron of 

waste water varied from 1.05 to 8.55 mg/L. Maximum boron content was recorded 

from Bisrakh Road station in pre-monsoon sample (L4) of year 2017 and minimum 

boron was from Dairy Maccha station in post-monsoon sample (L10) of year 2018. In 

agricultural zone boron ranged from 3.087 to 3.846 mg/L. Boron of waste water of 

industrial zone gave a minimum value of 2.18 mg/L and a maximum value of 8.55 

mg/L. Boron in residential zone ranged between 1.05 and 4.34 mg/L. Deceasing order 

of mean boron concentration in waste water samples of three different zone of study 

area was; 4.22 (industrial) > 3.36 (agricultural) > 2.71 (residential). Relative mean 

concentration of boron in groundwater and waste water samples are given in Fig. 

5.4.10. 

Abdalla & Khalil, (2018) demonstrated mixing of groundwater and waste water in 

94% of analysed samples of Qus city of Egypt. 
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Table – 5.4.11 Boron (in mg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 3.185 3.180 3.846 

Post-monsoon 3.087 3.126 3.751 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 3.280 3.414 4.230 

Post-monsoon 3.172 3.470 3.690 

L3 Bisrakh Road 
Pre-monsoon 5.390 5.610 6.710 

Post-monsoon 5.128 3.380 3.370 

L4 Bisrakh Road 
Pre-monsoon 4.660 8.550 5.400 

Post-monsoon 4.320 6.390 4.810 

L5 Bisrakh Road 
Pre-monsoon 5.398 5.610 6.270 

Post-monsoon 4.812 5.480 5.350 

L6 Bisrakh Road 
Pre-monsoon 4.658 3.660 4.036 

Post-monsoon 4.430 3.187 3.734 

L7 Khera Dharampura 
Pre-monsoon 2.490 2.640 3.150 

Post-monsoon 2.425 2.670 2.893 

L8 Bishnuli 
Pre-monsoon 4.465 4.150 4.130 

Post-monsoon 4.276 4.050 4.150 

L9 Achheja 
Pre-monsoon 4.120 3.830 2.216 

Post-monsoon 3.673 3.680 2.180 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 2.210 2.580 1.430 

Post-monsoon 3.340 4.330 1.050 

L11 Dhoom Manikpur 
Pre-monsoon 1.560 1.890 2.710 

Post-monsoon 1.360 1.670 2.830 

L12 Dhoom Manikpur 
Pre-monsoon 3.010 2.370 3.450 

Post-monsoon 3.520 2.186 3.500 

L13 Badhpura 
Pre-monsoon 1.780 3.560 3.550 

Post-monsoon 3.870 4.340 2.890 
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Fig. 5.4.9 Mean Potassium concentration of 

Waste water and Groundwater samples in 

different zone of study area 

Fig. 5.4.10 Mean Boron concentration of Waste 

water and Groundwater samples in different 

zone of study area 

5.4.5.11 Total Alkalinity 

Alkalinity of water is due to presence of ions like HCO3
-
, CO3

2-
, PO4

2-
, BO3

3-
, SiO4

4-
, 

OH
-
 etc. Analytical results of total alkalinity of waste water samples during study 

period are presented in Table - 5.4.12.  

Results of study concluded that there was a wide variation in total alkalinity value 

(158.33-1200.8 mg/L) with a mean value of 447.96 mg/L. Highest mean alkalinity 

(550.80 mg/L) was obtained from residential zone of study area. The analysed range 

of alkalinity in agricultural area was 296.58 – 357.42 mg/L. In industrial zone, its 

range was 208.25 – 657.5 mg/L. Higher alkalinity was analysed in waste water 

samples collected from Badhpura nallah due to dissolution of more ions of domestic 

effluent. Relative mean concentration of total alkalinity in groundwater and waste 

water samples are given in Fig. 5.4.11. 

High alkalinity in groundwater samples of industrial sites of district Haridwar was 

observed by Matta et al., (2016). Naveen et al., (2016) analysed leachate samples of 

Mavallipura landfills sites in Bangalore and reported total alkalinity range of 10800 to 

11,200 mg/L. 
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Table – 5.4.12 Total Alkalinity (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 338.17 299.25 357.42 

Post-monsoon 317.98 296.58 347.92 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 216.92 212.33 275.17 

Post-monsoon 211.25 208.25 254.00 

L3 Bisrakh Road 
Pre-monsoon 449.50 547.92 657.50 

Post-monsoon 438.05 540.33 627.25 

L4 Bisrakh Road 
Pre-monsoon 390.00 398.83 477.63 

Post-monsoon 379.27 380.04 435.53 

L5 Bisrakh Road 
Pre-monsoon 499.40 510.43 561.05 

Post-monsoon 462.65 499.98 494.23 

L6 Bisrakh Road 
Pre-monsoon 449.00 339.00 372.25 

Post-monsoon 427.42 331.17 352.83 

L7 
Khera 

Dharampura 

Pre-monsoon 384.00 403.33 482.33 

Post-monsoon 370.83 367.83 459.08 

L8 Bishnuli 
Pre-monsoon 383.58 348.58 366.70 

Post-monsoon 367.50 341.50 346.55 

L9 Achheja 
Pre-monsoon 472.58 420.92 500.00 

Post-monsoon 450.92 416.22 482.47 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 339.58 322.75 387.50 

Post-monsoon 330.08 313.75 353.89 

L11 Dhoom Manikpur 
Pre-monsoon 193.75 187.00 248.67 

Post-monsoon 158.33 190.50 237.83 

L12 Dhoom Manikpur 
Pre-monsoon 737.42 566.42 838.96 

Post-monsoon 732.00 543.58 828.23 

L13 Badhpura 
Pre-monsoon 1150.00 635.75 1200.83 

Post-monsoon 1048.33 633.25 1040.83 

 

5.4.5.12 Chloride 

The chloride content of waste water is high because its main source is table salt; 

sodium chloride (NaCl). It is an important ingredient of food and comes out from 

body with excreta. In coastal areas, chloride ions are present in sewage effluent due to 

intrusion of salty water of sea. Industrial activities also enhanced the chloride content 

of effluent.  
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Analytical results of chloride content of waste water samples during study period are 

presented in Table – 5.4.13.  

Table – 5.4.13 Chloride (in mg/L) of Waste Water samples during Study period (2016 

– 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 160.60 166.60 201.90 

Post-monsoon 156.80 163.40 192.80 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 67.82 68.60 89.08 

Post-monsoon 66.79 66.97 80.95 

L3 Bisrakh Road 
Pre-monsoon 115.60 307.80 370.40 

Post-monsoon 112.40 305.70 350.90 

L4 Bisrakh Road 
Pre-monsoon 442.30 450.00 541.00 

Post-monsoon 434.56 445.56 491.45 

L5 Bisrakh Road 
Pre-monsoon 219.90 225.40 247.80 

Post-monsoon 205.10 218.90 216.50 

L6 Bisrakh Road 
Pre-monsoon 165.40 127.40 140.80 

Post-monsoon 156.10 124.10 132.80 

L7 Khera Dharampura 
Pre-monsoon 138.70 147.00 177.60 

Post-monsoon 133.50 135.80 167.30 

L8 Bishnuli 
Pre-monsoon 392.40 356.80 355.20 

Post-monsoon 375.70 350.70 337.10 

L9 Achheja 
Pre-monsoon 615.40 448.20 530.70 

Post-monsoon 575.80 455.70 513.80 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 350.50 333.20 400.00 

Post-monsoon 341.70 322.50 365.50 

L11 Dhoom Manikpur 
Pre-monsoon 110.10 127.40 168.40 

Post-monsoon 113.50 130.80 165.30 

L12 Dhoom Manikpur 
Pre-monsoon 294.00 225.40 299.70 

Post-monsoon 286.57 197.80 303.70 

L13 Badhpura 
Pre-monsoon 303.90 166.60 272.70 

Post-monsoon 298.70 153.40 240.80 
 

Chloride concentration of agricultural waste water of study area ranged from 156.8 to 

201.9 mg/L. Chloride concentration of waste water from all industries was found to 

be in the range of 66.79 to 615.4 mg/L giving a mean value 274.91 mg/L. In industrial 

zone, minimum chloride content was recorded from the waste water sample taken 

from Bisrakh Road (L2) while maximum was recorded from sample L9 collected 

from Achheja. Chloride content of domestic waste water of study area was also very 
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high (ranged from 110.1 to 400 mg/L). Chloride content of Dhoom Manikpur nallah 

was recorded minimum while the maximum was recorded from Dairy Maccha nallah. 

High chloride content in waste water samples of residential zone indicates discharge 

of sewage water. Excreta of human beings and other animals contains high amount of 

chlorides along with nitrogenous compounds. Nearly 8-15 gms of sodium chloride is 

excreted by a healthy human in a day (Trivedy & Goyal, 1986). Fig. 5.4.12 describes 

the relation between mean content of chloride in groundwater and waste water 

samples in three different zone of study area. Adverse effect of waste water on 

groundwater chloride concentration was studied by McArthur et al., (2012) in parts of 

West Bengal and Bangladesh. Naveen et al., (2016) analysed a range of 660 to 780 

mg/L of chloride in leachates originated from Mavallipura landfill site in Bangalore. 

 

  

Fig. 5.4.11 Mean Total Alkalinity concentration of 

Waste water and Groundwater samples in different 

zone of study area 

Fig. 5.4.12 Mean Chloride concentration of Waste 

water and Groundwater samples in different zone 

of study area 

 

5.4.5.13 Fluoride 

Fluoride compounds are extensively used in aluminum industry and components of 

phosphate fertilizers, bricks, tiles and ceramics etc. Now-a-days fluoride finds its use 

in various pharmaceutical products including toothpaste and vitamin supplements. 

Analytical results of fluoride in waste water samples throughout the study period 

(2016, 2017 & 2018) are given in Table – 5.4.14. 

During the period under study, fluoride of waste water varied from 0.4 to 1.84 mg/L. 

Maximum fluoride content was recorded from Achheja station in pre-monsoon 

sample (L9) of year 2016 and minimum fluoride was obtained from Dairy Maccha 

station in pre-monsoon sample (L10) of year 2017. In agricultural zone fluoride 

ranged from 0.42 to 0.52 mg/L. Fluoride of waste water of industrial zone gave a 
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minimum value of 0.42 mg/L and a maximum value of 1.84 mg/L. Fluoride in 

residential zone ranged between 0.40 and 1.7 mg/L. Deceasing order of mean fluoride 

concentration in waste water samples of three different zone of study area was; 0.78 

(residential) > 0.76 (industrial) > 0.45 (agricultural). Relative mean concentration of 

fluoride in groundwater and waste water samples are given in Fig. 5.4.13. 

Kanagaraj & Elango, (2019) investigated fluoride content of groundwater around 

leather tanning industries in Vellore district of Tamil Nadu. Nearly 37% samples have 

fluoride content above acceptable limit. 

Table – 5.4.14 Fluoride (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 0.43 0.43 0.52 

Post-monsoon 0.42 0.42 0.49 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 0.71 0.72 0.83 

Post-monsoon 0.68 0.63 0.76 

L3 Bisrakh Road 
Pre-monsoon 0.44 0.46 0.54 

Post-monsoon 0.42 0.43 0.52 

L4 Bisrakh Road 
Pre-monsoon 0.50 0.57 0.56 

Post-monsoon 0.48 0.51 0.88 

L5 Bisrakh Road 
Pre-monsoon 0.46 0.57 0.62 

Post-monsoon 0.44 0.55 0.54 

L6 Bisrakh Road 
Pre-monsoon 0.84 0.64 0.71 

Post-monsoon 0.79 0.60 0.58 

L7 
Khera 

Dharampura 

Pre-monsoon 0.50 0.51 0.62 

Post-monsoon 0.47 0.46 0.58 

L8 Bishnuli 
Pre-monsoon 1.24 1.14 1.14 

Post-monsoon 1.20 1.17 1.07 

L9 Achheja 
Pre-monsoon 1.84 1.31 1.16 

Post-monsoon 1.72 1.19 1.02 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 0.50 0.40 0.43 

Post-monsoon 0.46 0.45 0.99 

L11 Dhoom Manikpur 
Pre-monsoon 0.85 0.51 0.99 

Post-monsoon 0.78 0.53 0.78 

L12 Dhoom Manikpur 
Pre-monsoon 0.73 0.57 0.73 

Post-monsoon 0.73 0.49 0.70 

L13 Badhpura 
Pre-monsoon 1.70 0.78 1.02 

Post-monsoon 1.46 1.09 0.99 
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5.4.5.14 Nitrite 

Analytical results of nitrite content of waste water samples during study period are 

presented in Table – 5.4.15. The analysed range of nitrite in waste water samples was 

from 1.82 to 15.2 mg/L with a mean value of 5.419 mg/L. Nitrite of agricultural waste 

water ranged from 3.58 to 5.73 mg/L. Nitrite concentration of waste water from all 

industries was found to be in the range of 2.1 to 13.65 mg/L with a mean value 4.53 

mg/L.  

Table – 5.4.15 Nitrite (in mg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 3.80 3.81 4.47 

Post-monsoon 3.58 5.73 4.26 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 2.43 2.56 3.22 

Post-monsoon 2.35 2.71 2.86 

L3 Bisrakh Road 
Pre-monsoon 4.18 4.33 5.09 

Post-monsoon 4.15 3.98 4.53 

L4 Bisrakh Road 
Pre-monsoon 2.10 2.55 4.22 

Post-monsoon 2.65 2.28 2.56 

L5 Bisrakh Road 
Pre-monsoon 6.37 3.44 3.68 

Post-monsoon 5.89 3.27 3.30 

L6 Bisrakh Road 
Pre-monsoon 3.54 2.80 3.18 

Post-monsoon 3.26 2.44 3.04 

L7 
Khera 

Dharampura 

Pre-monsoon 4.06 5.33 5.39 

Post-monsoon 3.74 3.85 4.12 

L8 Bishnuli 
Pre-monsoon 4.54 4.22 5.17 

Post-monsoon 4.39 3.98 3.99 

L9 Achheja 
Pre-monsoon 13.65 11.42 9.24 

Post-monsoon 12.23 7.52 7.46 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 14.76 13.32 15.00 

Post-monsoon 15.20 13.56 13.01 

L11 Dhoom Manikpur 
Pre-monsoon 1.97 2.13 3.85 

Post-monsoon 1.82 2.27 2.73 

L12 Dhoom Manikpur 
Pre-monsoon 8.24 5.87 12.34 

Post-monsoon 9.33 8.16 13.59 

L13 Badhpura 
Pre-monsoon 4.41 2.30 5.43 

Post-monsoon 4.39 2.31 3.78 
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In industrial zone, minimum nitrite concentration was recorded from the waste water 

sample taken from Bisrakh Road (L4) while maximum was recorded from sample L9 

collected from Achheja. Nitrite content of domestic waste water of study area was 

also very high (ranged from 1.82 to 15.2 mg/L). Nitrite content of Dhoom Manikpur 

nallah (L11) was recorded minimum while the maximum was recorded from Dairy 

Maccha nallah (L10). Fig. 5.4.14 explains the relation between mean concentration of 

nitrite in groundwater and waste water samples in three different zone of study area. 

  

Fig. 5.4.13 Mean Fluoride concentration of Waste 

water and Groundwater samples in different zone 

of study area 

Fig. 5.4.14 Mean Nitrite concentration of Waste 

water and Groundwater samples in different zone of 

study area 

5.4.5.15 Nitrate 

Nitrates are widely used in fertilizers, explosives, food preservatives and as oxidizing 

agents in chemical industries. The sources of nitrate in waste water are sewage 

discharge, agricultural runoffs, decayed animals, vegetables and leachate from refuse 

dumps. Potassium nitrate and ammonium nitrate, two majorly used fertilizers, are 

main sources of nitrate in agricultural run-offs.  

Analytical results of nitrate concentration in waste water samples during study period 

are presented in Table – 5.4.16.  

The obtained range of nitrate in waste water samples was from 35 to 868 mg/L. In 

agricultural zone of study area nitrate concentration varied from 306.8 to 384.2 mg/L 

with a mean value 335.82 mg/L. Industrial zone of study area has wide range of 

nitrate with a minimum value of 295.9 mg/L and maximum value of 868 mg/L. Waste 

water of residential zone also showed high nitrate value (35 to 398.4 mg/L). In 

industrial zone, waste water of Bisrakh road (L2) showed a minimum nitrate 
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concentration while Khera Dharampura (L7) showed a maximum nitrate 

concentration. The decreasing order of calculated mean nitrate value in three types of 

zone was; 446.69 mg/L (industrial zone) < 335.82 mg/L (agricultural zone) < 216.28 

mg/L (residential zone). Fig. 5.4.15 illustrates the relation between mean 

concentration of nitrate in groundwater and waste water samples in three different 

zone of study area. Nitrate concentration of 30 mg/L in well water of Dasdia in West 

Bengal was observed by Mc Arthur et al., (2012). They concluded that well water was 

contaminated with waste water upto 60%. High nitrate content was obtained from 

shallow wells near to septic tanks, of Douala in Cameroon (Wirmvem et al., 2017).  

Table – 5.4.16 Nitrate (in mg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultur

al Zone 
L1 Talabpur 

Pre-monsoon 311.30 321.00 384.20 

Post-monsoon 306.80 325.60 366.00 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 304.00 298.00 385.40 

Post-monsoon 295.90 303.00 353.60 

L3 Bisrakh Road 
Pre-monsoon 516.40 528.00 632.60 

Post-monsoon 505.90 515.70 605.20 

L4 Bisrakh Road 
Pre-monsoon 318.70 324.00 387.78 

Post-monsoon 311.50 306.45 351.56 

L5 Bisrakh Road 
Pre-monsoon 557.60 568.00 625.80 

Post-monsoon 517.50 557.60 545.50 

L6 Bisrakh Road 
Pre-monsoon 415.80 320.00 353.00 

Post-monsoon 397.00 322.60 337.40 

L7 
Khera 

Dharampura 

Pre-monsoon 823.60 868.00 742.00 

Post-monsoon 795.90 516.90 604.90 

L8 Bishnuli 
Pre-monsoon 415.90 379.00 376.20 

Post-monsoon 400.20 371.50 358.40 

L9 Achheja 
Pre-monsoon 345.40 310.00 372.30 

Post-monsoon 328.70 311.70 359.10 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 323.50 309.00 372.00 

Post-monsoon 311.70 311.70 337.20 

L11 Dhoom Manikpur 
Pre-monsoon 46.80 35.00 57.82 

Post-monsoon 44.89 41.75 51.09 

L12 Dhoom Manikpur 
Pre-monsoon 170.20 130.00 193.90 

Post-monsoon 175.10 129.56 198.30 

L13 Badhpura 
Pre-monsoon 372.40 210.00 398.40 

Post-monsoon 375.80 213.00 381.60 
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5.4.5.16 Phosphate 

The two major source of phosphate in environment are application of phosphate rich 

fertilizers and use of detergents in cleaning. Phosphate compounds are also used in 

various foodstuffs, like cheese, sausages and hams. Phosphate is frequently present in 

municipal and agricultural waste water (Trivedy et al., 1987). Analytical results of 

phosphate of waste water samples during study period are presented in Table – 5.4.17. 

During study period of three years, phosphate concentration in waste water of study 

area ranged from 1.07 to 8.12 mg/L with a mean value of 4.80 mg/L. Its minimum 

concentration was recorded from Badhpura nallah in pre-monsoon sample of year 

2017. Dairy Maccha nallah in year 2018 gave the maximum value of phosphate 

concentration. In agricultural zone of study area phosphate concentration varied from 

3.17 to 4.14 mg/L with a mean value of 3.51 mg/L. In industrial zone, minimum value 

of 3 mg/L (at Bisrakh Road station in year 2016) and maximum value of 7.55 mg/L 

(at Achheja water quality station in year 2018) of phosphate was observed. In 

residential zone, Badhpura nallah in year 2017 showed a minimum value of phosphate 

(1.07 mg/L) and nallah coming from Dairy Maccha in year 2016 showed a maximum 

value of phosphate (8.12 mg/L). Mean value of phosphate was found maximum in 

residential zone of study area. The decreasing order of mean value of phosphate in 

study area was 5.10 mg/L (residential zone) > 4.28 mg/L (industrial zone) > 3.51 

mg/L (agricultural zone). The detergent rich waste water and agricultural run-offs are 

rich in phosphate ions. Discharge of these wastes results into high phosphate level in 

waste water of residential and agricultural area. Fig. 5.4.16 explains the relation 

between mean concentration of phosphate in groundwater and waste water samples in 

three different zone of study area. 
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Table – 5.4.17 Phosphate (in mg/L) of Waste Water samples during Study period (2016 

– 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 3.25 3.37 4.14 

Post-monsoon 3.17 3.28 3.84 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 4.26 4.40 5.62 

Post-monsoon 4.23 4.21 5.15 

L3 Bisrakh Road 
Pre-monsoon 3.23 3.19 3.83 

Post-monsoon 3.13 3.14 3.62 

L4 Bisrakh Road 
Pre-monsoon 3.48 3.83 4.12 

Post-monsoon 3.00 3.12 3.89 

L5 Bisrakh Road 
Pre-monsoon 3.71 3.89 4.17 

Post-monsoon 3.47 3.41 3.53 

L6 Bisrakh Road 
Pre-monsoon 5.59 4.22 4.74 

Post-monsoon 5.29 4.15 4.52 

L7 
Khera 

Dharampura 

Pre-monsoon 6.60 5.89 5.07 

Post-monsoon 6.50 6.16 4.71 

L8 Bishnuli 
Pre-monsoon 6.41 5.84 5.98 

Post-monsoon 6.16 5.71 5.65 

L9 Achheja 
Pre-monsoon 7.33 5.61 7.55 

Post-monsoon 6.14 6.56 7.13 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 7.20 6.38 8.12 

Post-monsoon 6.26 6.98 7.12 

L11 Dhoom Manikpur 
Pre-monsoon 7.13 3.56 3.16 

Post-monsoon 6.51 4.74 3.11 

L12 Dhoom Manikpur 
Pre-monsoon 7.35 5.15 6.11 

Post-monsoon 7.21 4.13 6.03 

L13 Badhpura 
Pre-monsoon 2.81 1.07 4.12 

Post-monsoon 2.57 2.10 3.55 
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Fig. 5.4.15 Mean Nitrate concentration of Waste water 

and Groundwater samples in different zone of study 

area 

Fig. 5.4.16 Mean Phosphate concentration of 

Waste water and Groundwater samples in 

different zone of study area 

5.4.5.17 Sulphate 

Generally high concentration of sulphate in river may be due to oxidation of sulphates 

of metals which is present in industrial effluent (Delisle & Schmidt, 1977). 

Atmospheric SO2 emitted by the metallurgical roasting processes and generated by 

the combustion of fossil fuels also added a significant amount of sulphate to water 

bodies. 

Analytical results of sulphate of waste water samples during study period are 

presented in Table – 5.4.18. The sulphate concentration in waste water of study area 

ranged from 2.97 to 883.9 mg/L with a mean value of 220.69 mg/L. On the basis of 

land use pattern in current study area, sulphate concentration in waste water has 

significant variations. In agricultural zone, sulphate concentration ranged from 47.37 

to 61.4 mg/L with a mean value of 52.81 mg/L. Sulphate analysis of waste water of 

industrial zone gave a minimum value of 2.97 mg/L and a maximum value of 883.9 

mg/L with a mean of 272.75 mg/L. The sulphate concentration in residential zone 

ranged between 58.87 and 281.2 mg/L providing a mean of 158.55 mg/L. The mean 

value of sulphate in waste water of industrial area may be attributed to dumping of 

industrial effluent without proper treatment. Fig. 5.4.17 explains the relation between 

mean concentration of sulphate in groundwater and waste water samples in three 

different zone of study area. Impact of waste water on groundwater sulphate 

concentration was studied by McArthur et al., (2012) in parts of West Bengal and 

Bangladesh. As compare to dry season, lesser concentration of sulphate was obtained 

in leachate samples collected in wet season (Kamble & saxena, 2016).  
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Table – 5.4.18 Sulphate (in mg/L) of Waste Water samples during Study period (2016 

– 2018) 

Zone 

Waste 

Water 

Sample No. 

Water 

Quality 

Station 

Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 49.87 51.00 61.40 

Post-monsoon 47.37 49.89 57.33 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 30.07 3.11 40.04 

Post-monsoon 28.17 2.97 36.74 

L3 Bisrakh Road 
Pre-monsoon 278.30 287.00 345.40 

Post-monsoon 271.00 283.10 327.10 

L4 Bisrakh Road 
Pre-monsoon 271.45 278.00 332.56 

Post-monsoon 267.00 263.67 301.56 

L5 Bisrakh Road 
Pre-monsoon 855.20 883.90 872.30 

Post-monsoon 782.20 867.20 759.90 

L6 Bisrakh Road 
Pre-monsoon 6.88 5.21 50.73 

Post-monsoon 16.53 5.09 47.19 

L7 
Khera 

Dharampura 

Pre-monsoon 127.61 29.06 134.87 

Post-monsoon 122.80 25.44 125.10 

L8 Bishnuli 
Pre-monsoon 340.00 310.00 316.90 

Post-monsoon 325.40 303.70 311.20 

L9 Achheja 
Pre-monsoon 315.50 278.10 330.10 

Post-monsoon 302.60 275.90 318.20 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 63.90 61.59 73.00 

Post-monsoon 61.12 58.87 65.56 

L11 
Dhoom 

Manikpur 

Pre-monsoon 115.40 115.20 189.70 

Post-monsoon 109.50 124.50 182.40 

L12 
Dhoom 

Manikpur 

Pre-monsoon 220.45 169.00 231.60 

Post-monsoon 215.80 161.70 228.20 

L13 Badhpura 
Pre-monsoon 251.20 150.00 278.40 

Post-monsoon 248.60 148.40 281.20 

 

5.4.5.18 Ammonia 

Analytical results of ammonia of waste water samples during study period are 

presented in Table – 5.4.19. The analytical result revealed that range of ammonia in 

waste water of study area was 0.27 to 91.8 mg/L. Maximum level of ammonia was 

found in samples of Badhpura nallah. Analytical results revealed that ammonia level  
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Table – 5.4.19 Ammonia (in mg/L) of Waste Water samples during Study period (2016 

– 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 44.71 46.20 55.34 

Post-monsoon 42.37 45.29 51.57 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 19.39 20.60 24.78 

Post-monsoon 18.71 18.01 22.70 

L3 Bisrakh Road 
Pre-monsoon 18.40 19.80 22.76 

Post-monsoon 16.85 19.10 21.42 

L4 Bisrakh Road 
Pre-monsoon 12.76 13.00 16.58 

Post-monsoon 11.40 11.60 14.67 

L5 Bisrakh Road 
Pre-monsoon 54.21 69.60 76.46 

Post-monsoon 50.33 68.14 66.42 

L6 Bisrakh Road 
Pre-monsoon 40.12 32.40 35.44 

Post-monsoon 38.33 30.75 34.67 

L7 Khera Dharampura 
Pre-monsoon 36.91 39.90 46.88 

Post-monsoon 32.80 31.30 39.54 

L8 Bishnuli 
Pre-monsoon 41.79 37.90 45.52 

Post-monsoon 40.22 36.14 40.24 

L9 Achheja 
Pre-monsoon 37.80 34.00 18.36 

Post-monsoon 35.35 32.80 16.81 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 38.50 37.20 45.00 

Post-monsoon 36.50 36.99 40.10 

L11 Dhoom Manikpur 
Pre-monsoon 11.37 0.43 22.40 

Post-monsoon 3.69 0.44 15.73 

L12 Dhoom Manikpur 
Pre-monsoon 0.33 0.27 9.81 

Post-monsoon 0.33 2.43 7.01 

L13 Badhpura 
Pre-monsoon 81.58 48.10 91.80 

Post-monsoon 78.59 53.10 79.78 

 

in waste water of agricultural zone was from 42.37 mg/L to 55.34 mg/L). In industrial 

zone the value of ammonia ranged from 11.4 to 76.46 mg/L with a mean value of 

32.58 mg/L. Although mean content of ammonia in three different zone, were 

somewhat similar, yet maximum mean concentration of ammonia was obtained from 

agricultural zone (47.58 mg/L) of study area. Fig. 5.4.18 describes the relation 

between mean concentration of ammonia in groundwater and waste water samples in 

three different zone of study area. 
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Fig. 5.4.17 Mean Sulphate concentration of Waste 

water and Groundwater samples in different zone of 

study area 

Fig. 5.4.18 Mean Ammonia concentration of Waste 

water and Groundwater samples in different zone of 

study area 

 

5.4.6 HEAVY METALS 

5.4.6.1 Arsenic 

Other than geo-genic source, arsenic can also enters in natural water through various 

human activities. Arsenic is widely used in fertilizers, treatment of timber, glass 

industry, and pharmaceuticals industry. Arsenic is also generated in mining process, 

metal smelting and burning of fossil fuels.  

Analytical results of arsenic content in waste water samples during study period are 

presented in Table – 5.4.20. 

The arsenic content of waste water samples varied from 0.846 to 11.692 µg/L with a 

mean value of 3.878 µg/L during the study period. Maximum arsenic concentration 

was found in sample collected from Bisrakh Road (L5) and Bishnuli (L8). A chemical 

factory near the sampling site of waste water sample L5 and a steel pipe 

manufacturing industry near to the sampling site of L8 was present. Effluents of these 

factories were responsible for elevated concentration of arsenic in waste water 

sample. Waste water of agricultural zone of study area showed a mean of 2.148 µg/L 

of arsenic with a minimum value of 1.365 µg/L and maximum of 2.96 µg/L. 

Residential zone of study area have arsenic concentration ranged between 0.846 µg/L 

and 9.08 µg/L. However in industrial zone, waste water arsenic concentration varied 

from 1.325 to 11.692 µg/L. Industrial zone of study area showed highest mean 

concentration of arsenic (4.410 µg/L) in waste water samples. According to general 

standards for discharge of environmental pollutants, arsenic content of waste water 
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should not exceeds the limit of 200 µg/L (Environment Protection Rules, 1986). All 

the analysed samples were within prescribed limit of arsenic as environmental 

pollutants. Fig. 5.4.19 explains the relation between mean concentration of arsenic in 

groundwater and waste water samples in three different zone of study area. There was 

not a much difference between arsenic content of groundwater and waste water. 

Table – 5.4.20 Arsenic (in µg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 2.636 2.96 1.87 

Post-monsoon 2.425 1.365 1.63 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 1.804 1.41 2.006 

Post-monsoon 1.694 1.783 1.686 

L3 Bisrakh Road 
Pre-monsoon 1.92 1.61 2.109 

Post-monsoon 1.832 1.621 1.915 

L4 Bisrakh Road 
Pre-monsoon 3.145 1.941 2.428 

Post-monsoon 2.905 2.023 2.265 

L5 Bisrakh Road 
Pre-monsoon 9.332 4.885 8.845 

Post-monsoon 8.886 5.519 8.456 

L6 Bisrakh Road 
Pre-monsoon 4.331 1.853 5.938 

Post-monsoon 4.116 1.802 4.248 

L7 
Khera 

Dharampura 

Pre-monsoon 4.328 5.39 6.553 

Post-monsoon 4.176 3.195 5.761 

L8 Bishnuli 
Pre-monsoon 10.629 11.634 8.553 

Post-monsoon 11.692 10.443 7.894 

L9 Achheja 
Pre-monsoon 2.645 1.362 5.141 

Post-monsoon 2.116 1.325 4.521 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 0.951 2.12 2.672 

Post-monsoon 0.846 1.983 2.334 

L11 Dhoom Manikpur 
Pre-monsoon 2.829 9.08 4.819 

Post-monsoon 2.691 5.286 4.227 

L12 Dhoom Manikpur 
Pre-monsoon 2.438 1.353 3.629 

Post-monsoon 2.268 1.427 3.275 

L13 Badhpura 
Pre-monsoon 4.819 1.714 4.661 

Post-monsoon 4.634 3.561 4.325 
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5.4.6.2 Cadmium 

Analytical results of cadmium content of waste water samples during study period are 

presented in Table – 5.4.21. 

The concentration of cadmium ranged from 0.016 to 6.275 µg/L with the mean value 

of 1.183 µg/L in whole study period. Minimum value of 0.016 µg/L was recorded 

from waste water sample of Talabpur village of year 2017 and maximum value of 

6.275 µg/L was recorded from Dhoom Manikpur nallah (L11) of year 2018. 

In agricultural zone cadmium concentration ranged from 0.016 to 0.167 µg/L with a 

mean of 0.095 µg/L. The cadmium concentration in industrial zone ranged between 

0.038 and 1.632 µg/L providing a mean value of 0.583 µg/L. Residential zone of 

study area also has a wide range of cadmium with a minimum value of 0.102 µg/L 

and a maximum value of 6.275 µg/L. In industrial zone, waste water of Bishnuli (L8) 

has minimum concentration of cadmium and Khera Dharampura (L7) station has 

maximum value. Environment (Protection) Rules, 1986 sets a value of 2000 µg/L 

cadmium (for inland surface water) and 1000 µg/L cadmium (for public sewers) Fig. 

5.4.20 explains the relation between mean concentration of cadmium in groundwater 

and waste water samples in three different zone of study area. In industrial zone, 

groundwater cadmium concentration was higher than waste water cadmium 

concentration. Decreasing order of mean cadmium concentration in different land use 

pattern- Residential zone (2.655 µg/L) > Industrial zone (0.583 µg/L) > Agricultural 

zone (0.095 µg/L). 

Han et al., (2016) reviewed groundwater contamination near municipal solid waste 

landfill sites in China and reported cadmium ion concentration of groundwater upto 

0.080 mg/L. 
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Table – 5.4.21 Cadmium (in µg/L) of Waste Water samples during Study period (2016 

– 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 0.167 0.016 0.12 

Post-monsoon 0.126 0.019 0.122 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 1.112 0.077 0.278 

Post-monsoon 1.1 0.163 0.217 

L3 Bisrakh Road 
Pre-monsoon 0.964 0.606 0.983 

Post-monsoon 0.831 0.616 0.921 

L4 Bisrakh Road 
Pre-monsoon 0.712 0.291 0.533 

Post-monsoon 0.728 0.451 0.525 

L5 Bisrakh Road 
Pre-monsoon 0.755 0.928 0.831 

Post-monsoon 0.621 0.781 0.755 

L6 Bisrakh Road 
Pre-monsoon 0.492 0.822 0.375 

Post-monsoon 0.415 0.754 0.237 

L7 
Khera 

Dharampura 

Pre-monsoon 1.632 0.195 1.312 

Post-monsoon 1.113 0.146 1.162 

L8 Bishnuli 
Pre-monsoon 0.068 0.051 1.228 

Post-monsoon 0.045 0.038 1.007 

L9 Achheja 
Pre-monsoon 0.461 0.079 0.085 

Post-monsoon 0.381 0.062 0.043 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 1.866 1.984 2.152 

Post-monsoon 1.812 1.751 1.792 

L11 Dhoom Manikpur 
Pre-monsoon 4.338 3.121 6.275 

Post-monsoon 4.529 3.426 2.698 

L12 Dhoom Manikpur 
Pre-monsoon 2.416 0.102 2.937 

Post-monsoon 2.271 0.196 2.644 

L13 Badhpura 
Pre-monsoon 3.517 2.552 2.819 

Post-monsoon 3.227 2.372 2.928 
 

  

Fig. 5.4.19 Mean Arsenic concentration of Waste 

water and Groundwater samples in different zone 

of study area 

 

Fig. 5.4.20 Mean Cadmium concentration of Waste 

water and Groundwater samples in different zone 

of study area 
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5.4.6.3 Chromium 

Chromium is an ingredient of stainless steel and other alloys. It is used in leather 

tanning, explosive, ceramics, paint pigments, photography and wood preservation 

(Chatopadhyay, 1973). It is used in industries for the manufacturing of steel, jet 

engines, tools, paints, photography, electronic cells, rubber goods and matchstics 

(Kudesia & Kudesia, 1998). Chromium is sparingly soluble in water however it is 

present in industrial discharge, waste water of mining and household activities. 

Chromium uptake by submerged rice paddies from the addition of municipal solid 

waste compost was studied by Bhattacharyya et al., 2005.  

Analytical results of chromium content of waste water samples during study period 

are presented in Table – 5.4.22. Obtained range of chromium in analysed waste water 

samples was from 6.481 to 42.554 µg/L. The minimum concentration of chromium 

was obtained from Dhoom Manikpur nallah (L11) in year 2018 and maximum 

concentration was found in samples of Bisrakh Road (L5) in year 2018. The analysed 

range of chromium in three different zone of study area was; 8.711 to 9.164 µg/L (in 

agricultural waste water), 7.431 to 42.554 µg/L (in industrial waste water) and 6.481 

to 27.84 µg/L (in domestic waste water). Maximum mean value of chromium was 

obtained from industrial zone of study area. Increasing order of mean chromium 

concentration in three different zone study area was – 8.944 µg/L (agricultural zone) 

< 14.669 µg/L (residential zone) < 16.041 µg/L (industrial zone). Environment 

(Protection) Rules, 1986 sets a value of 2000 µg/L chromium in effluent discharge. 

All the analysed samples were well below the standard chromium effluent discharge 

value given by environment protection. Higher quantity of chromium was found in 

samples of Bisrakh Road (L5) and Badhpura nallah (L13).  

Fig. 5.4.21 explains the relation between mean concentration of chromium in 

groundwater and waste water samples in three different zone of study area. There was 

not a great difference in chromium value in groundwater and waste water, it shows 

leaching of metal from waste water to ground aquifers. Tariq et al., (2008) studied 

effects of effluent of tanning industries on groundwater quality of Kasur city of 

Pakistan. They reported chromium contamination (mean; 2.12 mg/L0 of groundwater 

due to tanning effluent. Similar type of studies on impacts of tannery effluents on 
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groundwater quality were done by many researchers (Brindha & Elango, 2012; 

Mangal et al., 2013; Wosnie & Wondie, 2014; Saritha & Chockalingam, 2018). 

Table – 5.4.22 Chromium (in µg/L) of Waste Water samples during Study period 

(2016 – 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 9.164 9.07 8.823 

Post-monsoon 9.031 8.867 8.711 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 15.43 10.56 12.684 

Post-monsoon 15.345 10.704 12.571 

L3 Bisrakh Road 
Pre-monsoon 15.735 10.73 12.324 

Post-monsoon 15.457 14.923 19.454 

L4 Bisrakh Road 
Pre-monsoon 18.227 9.168 12.719 

Post-monsoon 17.964 12.752 11.842 

L5 Bisrakh Road 
Pre-monsoon 38.186 42.175 42.554 

Post-monsoon 36.589 40.586 40.328 

L6 Bisrakh Road 
Pre-monsoon 11.627 12.054 13.418 

Post-monsoon 10.885 9.426 13.187 

L7 
Khera 

Dharampura 

Pre-monsoon 15.552 10.382 18.972 

Post-monsoon 16.518 14.824 17.336 

L8 Bishnuli 
Pre-monsoon 7.843 8.228 8.892 

Post-monsoon 7.431 8.681 9.226 

L9 Achheja 
Pre-monsoon 10.523 12.864 9.879 

Post-monsoon 10.428 13.006 9.775 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 11.517 10.975 12.869 

Post-monsoon 11.221 11.142 12.628 

L11 
Dhoom 

Manikpur 

Pre-monsoon 8.314 10.318 7.672 

Post-monsoon 7.967 8.271 6.481 

L12 
Dhoom 

Manikpur 

Pre-monsoon 12.881 27.84 18.285 

Post-monsoon 10.279 26.296 15.552 

L13 Badhpura 
Pre-monsoon 25.618 16.417 19.289 

Post-monsoon 23.718 18.287 18.218 

 

5.4.6.4 Copper 

Copper is extensively used metal in the industries next to iron and aluminum 

(Kannan, 1991). It is extensively used in paints, ceramics, pesticides, and in the 

chemical industry. The source of copper in water is mostly due to corrosion of copper 

alloys in pipe fittings. Copper is the second most toxic metal for fishes, invertebrates 

and aquatic plants. 
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Analytical results of copper content of waste water samples during study period are 

presented in Table – 5.4.23. 

Table – 5.4.23 Copper (in µg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 4.38 6.05 8.732 

Post-monsoon 4.414 3.642 8.727 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 6.331 2.45 2.964 

Post-monsoon 6.54 2.218 2.971 

L3 Bisrakh Road 
Pre-monsoon 12.608 13.07 14.221 

Post-monsoon 13.107 10.353 12.746 

L4 Bisrakh Road 
Pre-monsoon 11.836 15.889 16.216 

Post-monsoon 12.554 17.135 16.118 

L5 Bisrakh Road 
Pre-monsoon 4.446 6.026 3.426 

Post-monsoon 5.631 5.132 3.957 

L6 Bisrakh Road 
Pre-monsoon 7.227 15.53 8.531 

Post-monsoon 7.356 16.432 8.742 

L7 
Khera 

Dharampura 

Pre-monsoon 9.486 4.286 7.415 

Post-monsoon 8.741 6.437 7.826 

L8 Bishnuli 
Pre-monsoon 8.848 7.96 9.334 

Post-monsoon 9.132 8.658 9.544 

L9 Achheja 
Pre-monsoon 4.143 3.568 5.102 

Post-monsoon 3.981 3.237 5.007 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 6.451 5.552 8.218 

Post-monsoon 6.378 4.981 7.546 

L11 Dhoom Manikpur 
Pre-monsoon 8.381 5.48 5.112 

Post-monsoon 8.793 5.491 3.965 

L12 Dhoom Manikpur 
Pre-monsoon 6.281 2.034 4.297 

Post-monsoon 6.719 1.934 4.738 

L13 Badhpura 
Pre-monsoon 4.186 3.771 5.283 

Post-monsoon 2.985 3.829 6.117 
 

 

Obtained range of copper concentration in analysed waste water samples was from 

1.934 µg/L (in waste water of Dhoom Manikpur nallah L12) to 17.135 µg/L (in 

Bisrakh Road samples L4). In agricultural waste water, copper concentration ranged 

from 3.642 to 8.732 µg/L whereas in industrial waste water, it ranged from 2.218 to 

17.135 µg/L. In waste water of various nallahs in residential area, copper 

concentration varied from 1.934 to 8.793 µg/L. Relative order of mean copper 
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concentration in various zone was; 8.426 (Industrial area) > 5.991 (agricultural area) 

> 5.355 (residential area). Higher concentration of copper was obtained in waste water 

samples collected from Bisrakh Road (L3 & L4). Fig. 5.4.22 explains the relation 

between mean concentration of copper in groundwater and waste water samples in 

three different zone of study area.  

  

Fig. 5.4.21 Mean Chromium concentration of Waste 

water and Groundwater samples in different zone of 

study area 

Fig. 5.4.22 Mean Copper concentration of Waste 

water and Groundwater samples in different zone 

of study area 

 

5.4.6.5 Nickel 

Nickel and its compounds are widely used in industries of magnets, alloying of 

elements, coatings of kitchen utensils, catalyst and batteries. It is an important 

component of stainless steel; a common brand contains 8% Ni and 18% Cr. Stainless 

steel is the most widely used nickel alloy (Sittig, 1979). It finds use as a catalyst and 

as a mordant in ceramic glasses (Adriano, 1986). Nickel salts are easily dissolve in 

water and hence cause the pollution through industrial or municipal waste discharge 

(Ensink et al., 2007).  

Analytical results of nickel content of waste water samples during study period are 

presented in Table – 5.4.24. 

The content of nickel varied from 0.532 to 15.458 µg/L with a mean value of 7.806 

µg/L during the study period. Waste water of agricultural zone of study area showed a 

mean of 6.333 µg/L of nickel with a minimum value of 2.31 µg/L and maximum of 

7.569 µg/L. 
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Table – 5.4.24 Nickel (in µg/L) of Waste Water samples during Study period (2016 – 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 7.245 2.31 7.569 

Post-monsoon 7.163 6.278 7.435 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 14.419 11.628 12.975 

Post-monsoon 14.221 12.108 12.416 

L3 Bisrakh Road 
Pre-monsoon 14.886 14.526 11.634 

Post-monsoon 14.116 14.589 11.664 

L4 Bisrakh Road 
Pre-monsoon 9.665 12.724 15.458 

Post-monsoon 8.165 12.118 14.892 

L5 Bisrakh Road 
Pre-monsoon 4.724 10.382 7.889 

Post-monsoon 4.155 9.742 7.629 

L6 Bisrakh Road 
Pre-monsoon 8.416 8.769 9.628 

Post-monsoon 8.241 8.515 9.475 

L7 Khera Dharampura 
Pre-monsoon 10.413 9.975 14.557 

Post-monsoon 10.115 10.236 13.886 

L8 Bishnuli 
Pre-monsoon 5.542 6.932 6.493 

Post-monsoon 5.621 6.749 7.224 

L9 Achheja 
Pre-monsoon 0.544 0.583 0.558 

Post-monsoon 0.532 0.561 0.538 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 13.391 10.561 10.571 

Post-monsoon 9.446 10.217 10.335 

L11 Dhoom Manikpur 
Pre-monsoon 5.167 3.716 2.819 

Post-monsoon 4.293 3.286 2.252 

L12 Dhoom Manikpur 
Pre-monsoon 3.664 3.452 4.618 

Post-monsoon 3.281 2.995 4.839 

L13 Badhpura 
Pre-monsoon 3.293 3.817 3.553 

Post-monsoon 3.117 3.621 3.728 

 

Residential zone of study area have nickel concentration ranged between 2.252 µg/L 

and 13.391 µg/L. However in industrial zone, waste water nickel concentration varied 

from 0.532 to 15.458 µg/L. Industrial zone of study area showed highest mean 

concentration of nickel (9.184 µg/L) in waste water samples. All the analysed waste 

water samples were within the standard effluent discharge of nickel (3000 µg/L) laid 

by Environment Protection Rules (1986). Fig. 5.4.23 explains the relation between 

mean concentration of nickel in groundwater and waste water samples in three 

different zone of study area. 
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5.4.6.6 Lead  

Lead is required for manufacturing of lead-acid batteries, ammunition, solder, piping, 

pigments, alloys and insecticides. The organo lead compounds; (CH3CH2)4Pb, 

(CH3)4Pb are mixed with petrol as antiknock and lubricating agents. Now-a-days, use 

of unleaded petrol in developed countries has decreased the lead emission markedly. 

Excess amount of lead is found in effluent coming from various mechanical 

workshops, combustion of fossil fuels (Katariya, 1994) and in municipal waste water 

of the city (Harrison & Laxen, 1984). Lead particles, present in automobile exhaust 

also contributes lead to our environment (Agrawal et al., 1978; Pophali et al., 1990). 

Tap waters may be lead contaminated due to lead pipes in water distribution system.  

Analytical results of lead content of waste water samples during study period are 

presented in Table – 5.4.25. 

Lead content of waste water of study area was recorded in a great variation. The 

minimum lead (1.985 µg/L) was recorded from Bisrakh Road (L4) in post-monsoon 

season of year 2017 while maximum (33.88 µg/L) was recorded from Bisrakh Road 

(L5) in pre-monsoon sample of year 2017. Such type of anomaly in results showed 

some local source of lead pollution near to sampling site of L5. Effluent of paper 

industry, situated at Bisrakh Road can be a possible source of lead content in waste 

water. Lead of analysed waste water samples in agricultural zone ranged from 2.729 

µg/L to 3.58 µg/L.  Lead of industrial waste water were found to vary from 1.985 to 

33.88 µg/L. Lead content of domestic waste water was recorded minimum 2.422 µg/L 

in Dhoom Manikpur nallah (L11) and maximum 5.291 µg/L in another nallah of same 

village (L12). Fig. 5.4.24 explains the relation between mean concentration of lead in 

groundwater and waste water samples in three different zone of study area. In 

agricultural area, mean lead content in groundwater and waste water was nearly same. 

Han et al., (2016) reviewed groundwater contamination near municipal solid waste 

landfill sites in China and reported lead ion concentration of groundwater upto 1.340 

mg/L. Similar kind of study was done by Olaoye & Oladeji, (2015) and reported 

average lead content of 1.18 mg/L in groundwater of Ibadan in Nigeria. 
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Table – 5.4.25 Lead (in µg/L) of Waste Water samples during Study period (2016 – 2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 3.478 3.58 2.84 

Post-monsoon 3.402 3.231 2.729 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 4.416 2.4 2.186 

Post-monsoon 4.118 2.012 2.002 

L3 Bisrakh Road 
Pre-monsoon 3.229 2.5 2.732 

Post-monsoon 2.327 2.115 2.241 

L4 Bisrakh Road 
Pre-monsoon 4.138 2.046 5.332 

Post-monsoon 4.116 1.985 4.681 

L5 Bisrakh Road 
Pre-monsoon 6.118 33.88 15.468 

Post-monsoon 5.885 31.517 14.328 

L6 Bisrakh Road 
Pre-monsoon 5.418 3.717 3.911 

Post-monsoon 4.933 3.518 3.736 

L7 Khera Dharampura 
Pre-monsoon 8.524 5.776 6.529 

Post-monsoon 8.197 5.221 5.772 

L8 Bishnuli 
Pre-monsoon 5.893 6.489 5.931 

Post-monsoon 5.614 5.415 6.118 

L9 Achheja 
Pre-monsoon 3.427 3.628 3.429 

Post-monsoon 3.177 3.28 3.323 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 3.176 4.275 4.781 

Post-monsoon 3.829 4.128 4.345 

L11 Dhoom Manikpur 
Pre-monsoon 5.291 2.422 4.228 

Post-monsoon 4.187 3.451 4.141 

L12 Dhoom Manikpur 
Pre-monsoon 5.291 3.872 4.223 

Post-monsoon 5.118 3.752 4.118 

L13 Badhpura 
Pre-monsoon 2.867 3.26 3.442 

Post-monsoon 2.561 2.972 3.175 

 

  

Fig. 5.4.23 Mean Nickel concentration of Waste water 

and Groundwater samples in different zone of study 

area 

Fig. 5.4.24 Mean Lead concentration of Waste water 

and Groundwater samples in different zone of study 

area 
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5.4.6.7 Iron 

Iron is widely used in alloys like steel. The occurrence of iron in waste waters can be 

related to effluent of mining, leachates originated from landfill sites, sewage water 

and iron-steel industries. The cause of the presence of iron in domestic waste water 

are the use of cast iron and steel pipes for water drainage (Cox, 1964).   

Analytical results of iron content of waste water samples during study period are 

presented in Table – 5.4.26. 

Table – 5.4.26 Iron (in mg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 
Waste Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 0.381 0.316 0.257 

Post-monsoon 0.383 0.304 0.267 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 0.121 0.105 0.212 

Post-monsoon 0.135 0.104 0.21 

L3 Bisrakh Road 
Pre-monsoon 0.986 0.734 0.751 

Post-monsoon 1.002 0.622 0.642 

L4 Bisrakh Road 
Pre-monsoon 1.527 1.243 2.862 

Post-monsoon 1.862 1.443 3.112 

L5 Bisrakh Road 
Pre-monsoon 0.832 1.502 1.332 

Post-monsoon 0.964 1.114 1.194 

L6 Bisrakh Road 
Pre-monsoon 0.416 0.132 0.403 

Post-monsoon 0.488 0.286 0.512 

L7 
Khera 

Dharampura 

Pre-monsoon 0.376 0.581 0.497 

Post-monsoon 0.341 0.529 0.441 

L8 Bishnuli 
Pre-monsoon 0.311 0.292 0.462 

Post-monsoon 0.307 0.221 0.373 

L9 Achheja 
Pre-monsoon 0.284 0.235 0.468 

Post-monsoon 0.297 0.181 0.341 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 0.215 0.211 0.472 

Post-monsoon 0.236 0.215 0.468 

L11 Dhoom Manikpur 
Pre-monsoon 0.273 0.252 0.385 

Post-monsoon 0.286 0.282 0.396 

L12 Dhoom Manikpur 
Pre-monsoon 0.352 0.198 0.261 

Post-monsoon 0.276 0.297 0.195 

L13 Badhpura 
Pre-monsoon 0.286 0.635 0.715 

Post-monsoon 0.528 0.612 0.733 
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During the period under study, iron content of waste water varied from 0.104 to 3.112 

mg/L. Both minimum and maximum limit of iron were obtained from the samples 

taken from Bisrakh Road (L2 & L5 respectively). In agricultural waste water, iron 

content ranged from 0.257 to 0.383 mg/L with a mean value of 318 mg/L. In 

municipal waste water, mean value of iron was 0.366 mg/L (ranged from 0.195 to 

0.733 mg/L). Industrial waste water showed maximum mean value of iron which was 

0.696 mg/L). Decreasing order of mean iron concentration in waste water collected 

from various zone was 0.696 mg/L (industrial) > 0.366 mg/L (residential) > 0.318 

mg/L (agricultural). 

Fig. 5.4.25 explains the relation between mean concentration of iron in groundwater 

and waste water samples in three different zone of study area. In agricultural area, 

mean iron concentration in groundwater was higher than waste water. It reveals that in 

this region, groundwater was not greatly affected by leaching of metal but have 

geological origin. High iron content (11.16 to 12.04 mg/L) was analysed in leachate 

samples collected from Mavallipura landfill site in Bangalore (Naveen et al., 2016). 

5.4.6.8 Zinc 

Zinc based alloys (brass & bronze) are used in batteries, construction materials, 

fungicides, pigments and in printing processes. It is also used for protective coating 

on iron, steel, brass and alloys. The source of zinc in water may be mostly due to 

industrial activities like electroplating units (Stumm & Lee, 1960), galvanizing plant 

effluents (Pandey & Seth,1983), fly ash (Kannan, 1991) etc. The deterioration of 

galvanized iron and zincification of brass are the reason for the presence of Zinc in 

the domestic water supply.  

Analytical results of zinc content of waste water samples during study period are 

presented in Table – 5.4.27. 

Zinc content of waste water of study area were recorded in a great variation. The 

minimum zinc (0.0092 mg/L) was recorded from Dairy Maccha nallah in post-

monsoon sample of year 2016 while maximum (2.9376 mg/L) was recorded from 

Bisrakh Road (L6) in post-monsoon sample of year 2018. Zinc of analysed waste 

water samples in agricultural zone ranged from 0.031 mg/L to 0.0614 mg/L.  Zinc of 

industrial waste water were found to vary from 0.0428 mg/L to 2.9376 mg/L. Zinc 
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content of domestic waste water was recorded minimum 0.0092 mg/L in Dairy 

Maccha  nallah and maximum 0.07891 mg/L in Dhoom Manikpur Nallah. 

Environment (Protection) Rules, 1986 gives a value of 5 mg/L of zinc for inland 

surface water and 15 mg/L of zinc for public sewers. All the analysed waste water 

samples were under the standard limits of effluents. 

Fig. 5.4.26 describes the relation between mean concentration of zinc in groundwater 

and waste water samples in three different zone of study area. 

Table – 5.4.27 Zinc (in mg/L) of Waste Water samples during Study period (2016 – 

2018) 

Zone 

Waste 

Water 

Sample No. 

Water Quality 

Station 
Season 2016 2017 2018 

Agricultural 

Zone 
L1 Talabpur 

Pre-monsoon 0.0426 0.0415 61.40 

Post-monsoon 0.0378 0.031 0.0452 

Industrial 

Zone 

L2 Bisrakh Road 
Pre-monsoon 0.0988 0.0776 0.0428 

Post-monsoon 0.0975 0.1038 0.1103 

L3 Bisrakh Road 
Pre-monsoon 0.118 0.0798 0.1095 

Post-monsoon 0.106 0.104 0.1401 

L4 Bisrakh Road 
Pre-monsoon 0.1672 0.0806 0.121 

Post-monsoon 0.148 0.1008 0.0972 

L5 Bisrakh Road 
Pre-monsoon 1.523 1.636 0.0885 

Post-monsoon 1.458 1.435 1.892 

L6 Bisrakh Road 
Pre-monsoon 2.7325 2.6732 1.746 

Post-monsoon 2.422 2.5581 2.9376 

L7 
Khera 

Dharampura 

Pre-monsoon 0.2243 0.2594 2.7352 

Post-monsoon 0.2251 0.2557 0.2671 

L8 Bishnuli 
Pre-monsoon 0.1247 0.0953 0.2785 

Post-monsoon 0.1212 0.0792 0.0462 

L9 Achheja 
Pre-monsoon 0.1096 0.1129 0.0455 

Post-monsoon 0.1055 0.0998 0.1072 

Residential 

Zone 

L10 Dairy Maccha  
Pre-monsoon 0.012 0.0126 0.1021 

Post-monsoon 0.0092 0.0095 0.0135 

L11 Dhoom Manikpur 
Pre-monsoon 0.7891 0.0149 0.0118 

Post-monsoon 0.7328 0.6832 0.7732 

L12 Dhoom Manikpur 
Pre-monsoon 0.7781 0.1334 0.7714 

Post-monsoon 0.7732 0.1292 0.6438 

L13 Badhpura 
Pre-monsoon 0.0118 0.0106 0.6391 

Post-monsoon 0.0192 0.0109 0.1131 
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Fig. 5.4.25 Mean Iron concentration of Waste water 

and Groundwater samples in different zone of study 

area 

Fig. 5.4.26 Mean Zinc concentration of Waste water 

and Groundwater samples in different zone of study 

area 

SUMMARY 

From the above discussion it is clear that the first waste water sample L1, 

which contained agricultural runoff, showed high content of ammonia, 

potassium, nitrate and iron. Mean value of ammonia was found maximum in 

agricultural waste water. 

In industrial zone, waste water sample L3 & L5 were highly polluted. Mean 

value of pH, conductivity, total dissolved solids, calcium, sodium, potassium, 

boron, total hardness, chloride, nitrate, sulphate and analysed metals (As, Cr, 

Cu, Pb, Ni, Fe & Zn) were high in waste water of industrial area. A pond like 

structure and sand bed was present near to source of Sample L5. Both factors 

favor the greater percolation of wastewater into the ground aquifer hence 

affects ground water quality up to a great extent. 

Mean value of turbidity, magnesium, total alkalinity, fluoride, nitrite, 

phosphate and cadmium were maximum in domestic waste water. Waste water 

samples L10, L11, L12 & L13 were slightly polluted but had higher impact on 

groundwater due to volume of domestic waste water was very high. From 

comparing the analytical results of groundwater and waste water, it was proved 

that leaching of various ions from contaminated water into soil layers was 

prevalent in study area.  
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5.5.1 INTRODUCTION 

Water quality index (WQI) system is a widely used technique to show the quality of 

water that offers a numeric, easy to understand and reproducible number which 

signifies the changes in the important parameters of water (Brown et al., 1972). It can 

be expressed as a mathematical figure which demonstrates the combine effect of 

characteristic physico-chemical and biological parameters on quality of water. It is an 

effective medium for evaluation of groundwater quality as it summarize the huge 

water quality data into a simple numerical score (Mohebbi et al., 2013). Water quality 

index is the only tool by which the highly multi-attribute and multi-variate concept of 

water quality can be conveyed to persons in the form of a numeric score. After the 

development of water quality indices in a particular area, it can be applied to examine 

the anthropogenic and environmental factors that affect the quality of water and also 

help policy makers to decide strategy in that area.  

Initially in 1965, Horton proposed that different physical, chemical and biological 

parameters can be incorporated into an overall water quality index. Brown et al., 

(1970) put forward a general way for the computation of water quality index. Walski 

& Parker, (1974) used an exponential function to illustrate the sub-indices of various 

quality variables. Deininger extended it for the Scottish Development Department, 

(1975). The sub-index of each physico-chemical parameter was combined into 

Pearson type 3-distribution function by Landwehr, (1979). The exponential 

expression was revised by Bhargava, (1987). A power function for each of sub-index 

was used by Dinius, (1987). Subsequently various improvements have been done by 

various scientists to calculate water quality index (Stambuk-Giljanovic, 1999; 

Swamee & Tyagi, 2000; Harrison et al., 2000; Faisal et al., 2003; Said et al., 2004; 

Liou et al., 2004). The different water quality indices are used by different countries 

e.g. US National Sanitation Foundation Water Quality index (NSF WQI), British 

Columbia Water Quality Index (BCWQI), Canadian Council of Ministers of the 

Environment Water Quality Index (CCME WQI), Nemerow and Sumitomo’s 

Pollution Index, Oregon Water Quality Index (OWQI), Weighted Arithmetic Water 

Quality Index (WAWQI) etc. (Nemerow & Sumitomo, 1970; Cude, 2001; Abbasi, 

2002; Kannel et al., 2007; Hurley et al., 2012). 
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Basically formulation of water quality index is done in four steps. First step is 

selection of parameters which majorly affect the quality of water. In second step each 

physico-chemical parameter is converted into an equal scale of unit. Third step (not 

essential to all methods) is assignment of weightages to each of the parameter and last 

fourth step is combination of sub-indices for each parameter into a final index value 

(Abbasi & Abbasi, 2012).  

Groundwater is the major source of irrigation and drinking water in current study 

area. Three methods of calculating water quality index were used to develop WQI of 

groundwater in current study area- Weighted Arithmetic Water Quality Index 

(WAWQI), Groundwater Quality Index (GWQI) and Canadian Council of Ministers 

of the Environment Water Quality Index (CCME WQI). 

5.5.2 WEIGHTED ARITHMETIC WATER QUALITY INDEX (WAWQI) 

 

Weighted arithmetic water quality index method is used to dictate the quality of water 

by using selected water quality parameters. The potability of water was analysed by 

several researchers by this method (Rao et al., 2010; Balan et al., 2012; Gupta & 

Misra, 2016; Harshan et al., 2017). Calculation of WAWQI was carried out in this 

work by Brown’s method (1972). Calculation of WAWQI was done in four steps- 

Step 1- First unit weight (Wn) of n
th

 water quality parameter was calculated. Unit 

weight Wn is inversely proportional to standard value of n
th

 water quality parameter 

(  ). 

Wn = k /                                                                                                                    (1)                                            

Where k = proportionality constant and can be determined by- 

k = 1 /∑     
 
                                                                                                           (2)                          

Step 2- Quality rating (Qn) of n
th

 water quality parameter for all the selected 

parameters was calculated. 

Qn = [(Vactual – Videal) / (Sstandard – Videal)] x 100                                                         (3)                                                         

Vactual = Actual value of n
th

 water quality parameter for each sample, 

Videal = Ideal value for n
th

 parameter in pure water. (Videal = 0 for all parameters except 

pH = 7, for DO =14.6 mg/L), 
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Sstandard = Standard value of n
th

 water quality parameter. 

Step 3- Finally overall WAWQI was calculated by combining unit weight (Wn) and 

quality rating (Qn): 

WAWQI = Qn Wn / Wn                                                                                               (4)                                          

In the current study, the water quality indices of groundwater samples were calculated 

by selecting 13 parameters (pH, TDS, turbidity, TH, TA, Ca
2+

, Mg
2+

, B, Cl
-
, F

-
, SO4

2-
, 

NO3
-
 and NH3). The basis of selection of these parameters was that these are the 

major cations & anions present in groundwater which affect the potability of water. 

Groundwater is the main source of drinking water in the study area hence 

concentration of these cations & anions were chosen for calculating water quality 

index. A further drinking water quality standards of BIS 10500, 2012, were used for 

standardization of parameters. Finally by aggregating sub-indices for individual 

parameter, overall water quality index was calculated for each sample. By comparing 

the water quality index of each sample with standard water quality rating, the 

characteristic quality of groundwater was obtained (Table – 4.9). Based on standard 

method of calculation of weighted arithmetic water quality index, WAWQI values of 

groundwater samples collected during study period (pre and post monsoon season of 

year 2016, 2017 and 2018) are given in Table – 5.5.1. 

Water quality index calculated from WAWQI method ranged from 19 (in post-

monsoon sample of year 2016 at Bishnuli water quality station) to 914 (in pre-

monsoon sample of year 2018 at Dhoom Manikpur water quality station). During 

2016, WAWQI value of groundwater ranged from 19 to 812, in 2017 its value varied 

from 21 to 804 while in 2018 WAWQI value was from 29 to 914. Out of total 

collected samples, only 5 samples (pre and post- monsoon sample of year 2017 at 

Duryai station, post-monsoon sample of year 2017 at Bisrakh Road station and post-

monsoon sample of year 2016 & 2017 at Bishnuli station) have excellent type of 

water quality with WAWQI value from 0 to 25. Nearly 30% of total collected samples 

have good water quality. 14% of samples have WAWQI value between 51 and 75 and 

hence have poor quality of water for drinking purpose. These samples were majorly 

collected from industrial zone of study area.  
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Table – 5.5.1 Weighted arithmetic water quality index (WAWQI) of Groundwater Samples 

during study period 

 

Sample 

No. 

Water Quality 

Station 

WAWQI 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

S1 
Duryai 

330 116 255 203 195 93 

S2 
Duryai 

51 34 44 47 96 58 

S3 
Duryai 

79 40 25 24 80 42 

S4 
Talabpur 

87 33 35 28 75 35 

S5 
Bisrakh Road 

123 106 40 86 39 116 

S6 
Bisrakh Road 

57 38 56 87 76 88 

S7 
Bisrakh Road 

774 483 495 329 544 312 

S8 
Bisrakh Road 

109 42 30 26 78 57 

S9 
Bisrakh Road 

53 36 57 23 94 74 

S10 

Khera 

Dharampura 61 91 109 72 110 43 

S11 
Bishnuli 

39 19 39 21 73 36 

S12 
Achheja 

148 78 58 102 167 149 

S13 
Achheja 

104 164 39 131 76 183 

S14 
Dujana 

93 72 102 47 184 81 

S15 
Dujana 

100 81 32 28 66 31 

S16 
Dujana 

47 28 30 26 50 30 

S17 
Dujana 

55 36 54 36 42 33 

S18 
Badalpur 

97 46 47 28 52 29 

S19 
Sadopur 

223 106 41 86 299 184 

S20 
Dairy Maccha 

241 555 114 225 582 176 

S21 

Dhoom 

Manikpur 650 632 706 641 914 865 

S22 
Badhpura 

733 812 804 725 553 411 
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Results of study revealed that 14.4% of samples have WAWQI value between 76 and 

100 (very poor type of water) and 37.9% of samples have WAWQI value greater than 

100 (unsuitable for drinking). Most of the samples collected from residential zone of 

study area have WAWQI value above 100.  

Spatial distribution map of WAWQI value, throughout the study period, indicates that 

groundwater quality of study area was affected from the percolation of domestic 

waste water (Fig. 5.5.1). It is also observed that WAWQI value decreased in post-

monsoon season due to recharging of ground aquifers. Improvement in water quality 

indicates lowering of ionic concentration in groundwater.  

Percentage representation of WAWQI classification (Fig. 5.5.2) shows that in year 

2016, none of the sample in pre-monsoon season showed excellent quality of water 

but in post-monsoon season 4.5% of samples have excellent water. Similarly 

percentage of unsuitable quality of groundwater samples decreased in post-monsoon 

season (from 50% to 36.4%). In year 2017, a slight variation in groundwater quality 

was observed from pre-monsoon to post-monsoon season. Percentage of excellent 

quality of groundwater samples increased (from 4.5% to 13.6%) but percentage of 

samples having unsuitable quality of water remained same (Fig. 5.5.3). In year 2018, 

percent sample having good quality of water increased in post-monsoon season from 

13.6 to 36.4%. Results of study also showed that percentage of samples with poor, 

very poor and unsuitable quality of water decreased in post-monsoon season (from 

18.2 to 13.6%, from 27.3 to 13.6% and from 40.9 to 36.4% respectively) (Fig. 5.5.4).  

Groundwater quality of Chunnakam and Jaffna Town of Sri Lanka was analysed by 

Harshan et al., 2017. They reported that WAWQI value ranged from 1.7 to 75.5 in 

Chunnakam town and from 1.2 to 64.6 in Jaffna town. Gupta & Mishra, 2016 

analysed the potability of groundwater of Jhajjar district of Haryana and found that 

groundwater is unsuitable for drinking purpose as WAWQI value of all the analysed 

samples was above 100. 
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2016 (Pre-monsoon) 2016 (Post-monsoon) 

  

2017 (Pre-monsoon) 2017 (Post-monsoon) 

  

2018 (Pre-monsoon) 2018 (Post-monsoon) 

 

Fig. 5.5.1 Spatial Distribution of WAWQI in Groundwater Samples of study area during study period 

(2016-2018) 
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Fig. 5.5.2 Percentage representation of WAWQI classification in Pre-monsoon & Post-monsoon 

season of year 2016 

 

  

Fig. 5.5.3 Percentage representation of WAWQI classification in Pre-monsoon & Post-monsoon 

season of year 2017 

 

  
 

Fig. 5.5.4 Percentage representation of WAWQI classification in Pre-monsoon & Post-monsoon 

season of year 2018 
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5.5.3 GROUNDWATER QUALITY INDEX (GWQI) 

 

This method of calculating water quality index is simple and fairly accurate. The 

methodology of GWQI was first given by Ribeiro et al., (2002). Based on GWQI, 

groundwater in parts of Tumkur taluk in Karnataka was found unfit for drinking 

purpose. Around 99% of samples have water quality index value above 100 

(Ramakrishnaiah et al., 2009). Quality of groundwater samples in Qazvin province, 

west central of Iran was determined by Saeedi, (2010) by the GWQI method and it 

was concluded that in many parts of Qazvin plateau, groundwater quality was very 

good & close to mineral water quality. In current study, GWQI was calculated in five 

steps- 

Step 1 – Thirteen water quality parameters (pH, TDS, turbidity, TH, TA, Ca
2+

, Mg
2+

, 

B, Cl
-
, F

-
, SO4

2-
, NO3

-
 and NH3) were selected to calculate GWQI. A weightage (wi) 

of 1 to 5 was given to each parameter according to its comparative contribution in 

water quality (Mandal & Kumar, 2012; Sadat-Noori et al., 2014; Kumar et al., 2015). 

The highest weightage of 5 has been given to parameters such as TDS, boron, 

chloride, fluoride, sulphate and nitrate as these are major contributor in water quality 

assessment. pH, turbidity and ammonia has assigned a weight of 4. A weightage of 3 

has been given to calcium and magnesium due to relatively lesser health hazard. Total 

hardness and total alkalinity is given the weight of 2. All the parameters were 

assigned a weightage between 1 and 5 according to participation in water quality 

assessment. 

Step 2 – The relative weight (Wi) for each parameter was calculated by the 

expression-     Wi = 
  

∑    
   

                                                                                     (5)           

The calculated values of Relative weight (Wi) are given in Table – 5.5.2. 

Step 3 – Quality rating scale (Qi) for individual parameter is the percentage of actual 

value to the standard value of that parameter. 

Qi = (Ci/Si) × 100                                                     (6) 

Where Ci = Actual value of physico-chemical parameter in the analysed water sample 

(mg/L), and 
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Si = Standard value for each physico-chemical parameter (mg/L) (BIS 10500, 2012). 

Step 4 – Sub-index (SIi) for each parameter = Wi × Qi                                            (7)                                                                                                                

Step 5 – Overall Groundwater quality index (GWQI) was computed by aggregating 

all the sub-indices for each parameter. 

GWQI=  SIi                                                                                                          (8)                                                    

The calculated GWQI values of collected groundwater samples during study period 

are given in Table – 5.5.3. 

 

Table – 5.5.2 - Relative weight (Wi) of Physico-chemical parameters 

 

Parameters 
Standard value 

(BIS 10500, 2012) 
Weight (wi) 

Relative weight 

(Wi) 

pH 6.5-8.5 4 0.076923 

TDS 500 5 0.096154 

Turbidity 1 4 0.076923 

TH 200 2 0.038462 

TA 200 2 0.038462 

Ca 75 3 0.057692 

Mg 30 3 0.057692 

B 0.5 5 0.096154 

Cl 250 5 0.096154 

F 1 5 0.096154 

SO4 200 5 0.096154 

NO3 45 5 0.096154 

NH3 0.5 4 0.076923 

  

∑wi=52 Wi =1 

 

GWQI value of analysed groundwater samples ranged from 86 (in post-monsoon 

sample of year 2017 at Dujana station & pre-monsoon sample of year 2017 at 

Sadopur station) to 557 (in pre-monsoon sample of year 2016 at Bisrakh Road 

station). During 2016 the variation in GWQI value in the groundwater was from 107 

to 557 while, in 2017 it ranged from a minimum of 86 to a maximum of 469. It was 

observed that values ranged from 104 to 543 during year 2018. In year 2016 it was 

found maximum at Bisrakh Road water quality station and minimum at Duryai water 

quality station. 
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Table – 5.5.3 Ground water quality index (GWQI) of Groundwater Samples during study 

period 

 

Sample 

No. 

Water Quality 

Station 

GWQI 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

S1 
Duryai 

319 214 256 250 262 193 

S2 
Duryai 

123 107 116 116 149 119 

S3 
Duryai 

168 134 138 121 164 132 

S4 
Talabpur 

148 121 111 108 171 141 

S5 
Bisrakh Road 

129 119 102 126 104 132 

S6 
Bisrakh Road 

185 171 177 183 207 197 

S7 
Bisrakh Road 

557 416 417 335 459 322 

S8 
Bisrakh Road 

159 124 124 115 146 126 

S9 
Bisrakh Road 

134 126 132 108 148 129 

S10 

Khera 

Dharampura 167 169 175 155 206 154 

S11 
Bishnuli 

133 121 130 118 149 124 

S12 
Achheja 

310 273 170 198 245 231 

S13 
Achheja 

203 228 155 198 210 242 

S14 
Dujana 

129 112 119 86 189 137 

S15 
Dujana 

213 194 145 142 189 158 

S16 
Dujana 

168 155 153 152 202 171 

S17 
Dujana 

154 142 137 131 144 130 

S18 
Badalpur 

188 160 161 153 190 167 

S19 
Sadopur 

187 132 86 105 215 158 

S20 
Dairy Maccha 

193 341 174 227 413 205 

S21 

Dhoom 

Manikpur 396 386 440 397 543 506 

S22 
Badhpura 

468 488 469 431 366 293 
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In year 2017, the minimum GWQI value was observed at Dujana & Sadopur station 

and maximum at Badhpura station. In 2018 it was found maximum at Dhoom 

Manikpur and minimum at Bisrakh Road station. Analytical results showed that 

majority of samples (68.2%) have GWQI value between 100 & 200 (poor water 

quality), 14.40% of samples have GWQI value between 200 & 300 (very poor water 

quality), and 16% of samples GWQI value greater than 300 (unsuitable for drinking). 

None of the samples have excellent type of water. All the samples collected from 

Bisrakh Road (S7), Dhoom Manikpur (S21) and Badhpura (S22 except in post-

monsoon season of year 2018) water quality station has GWQI value greater than 300. 

High value of GWQI in samples collected from industrial and residential zone was 

due to high ionic concentration.  

Spatial distribution maps of GWQI value indicate the improvement in water quality in 

post-monsoon season (Fig. 5.5.5).  

Percentage classification of groundwater samples in pre and post-monsoon season of 

year 2016 revealed that percent share of poor quality of water remained same in both 

season but percent share of samples with unsuitable quality of water decreased from 

22.7% to 18.2% (Fig. 5.5.6). In year 2017, seasonal variation in drinking quality of 

water was not significant (Fig. 5.5.7). In year 2018, percentage of groundwater 

samples having poor quality of water increased from 50% to 72.7% in post-monsoon 

season however percent of very poor and unsuitable category of samples decreased in 

post-monsoon season (Fig. 5.5.8).   

Babiker et al., (2007) proposed a GIS-based groundwater quality index (GQI) for 

Nasuno basin, Tochigi Prefecture, Japan by using WHO (World Health Organization) 

standards. They used 7 parameters (Cl
−
, Na

+
, Ca

2+
, Mg

2+
, SO4

2-
, NO3

−
 and TDS) to 

calculate GQI. The GQI values indicate that the groundwater quality in the study area 

was generally high (GQI > 90). Vasanthavigar et al., (2010) calculated WQI of 148 

groundwater samples of Thirumanimuttar sub-basin of Tamilnadu by using BIS 

(Bureau of Indian Standards) standards to assess overall water quality for drinking 

purpose. The pre-monsoon groundwater samples showed poor water quality in 

comparison to post-monsoon samples.  
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2016 (Pre-monsoon) 2016 (Post-monsoon) 

  

2017 (Pre-monsoon) 2017 (Post-monsoon) 

  

2018 (Pre-monsoon) 2018 (Post-monsoon) 

 

Fig. 5.5.5 Spatial Distribution of GWQI in Groundwater Samples of study area during study 

period (2016-2018) 
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Fig. 5.5.6 Percentage representation of GWQI classification in Pre-monsoon & Post-monsoon 

season of year 2016 

 

  

Fig. 5.5.7 Percentage representation of GWQI classification in Pre-monsoon & Post-monsoon 

season of year 2017 

 

  

Fig. 5.5.8 Percentage representation of GWQI classification in Pre-monsoon & 

Post-monsoon season of year 2018 

 

5.5.4 CANADIAN COUNCIL OF MINISTERS OF THE ENVIRONMENT 

WATER QUALITY INDEX (CCME WQI) 

 

Canadian Council of Ministers of the Environment water quality index (CCME WQI) 

is based on upon the specific use of water: drinking, recreation, irrigation, livestock 

watering, wildlife and aquatic life (Husain et al., 1999). The mathematical expression 
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for calculating CCME WQI was given by British Columbia Ministry of Environment, 

Lands and Parks. It was later revised by Alberta Environment taking into 

consideration three elements: scope, frequency & amplitude. A rating scale of 0 to 

100 is given to the index value which represents worst to best quality of water (Table 

– 4.9). This rating scale is divided into five categories (CCME 2001; Sharma & 

Kansal 2011). First three factors scope (F1), frequency (F2) and amplitude (F3) was 

calculated to compute CCME WQI. 

1. Scope (F1) was calculated by dividing the number of variables which do not attain 

quality objectives by the total number of measured variables & then multipling the 

result by 100. 

F1 = (
                          

                         
)              (9)                                                                                                              

2. Frequency (F2) is the percentage of failed tests to the total number of tests. 

F2 = (
                      

                     
)                               (10)                                                                                    

3. Amplitude (F3) is the quantity by which failed tests do not attain their quality 

objectives. Three steps were used to calculate F3. 

(i) Excursion was calculated for two cases: when actual test value was greater than 

objective & actual test value was lesser than the objective. 

excursioni = (
                  

          
)     ( when test value> objective)                          (11)                                   

excursioni = (
          

                   
)     (when test value< objective)                          (12)                                     

(ii) The normalized sum of excursions (nse) was calculated by dividing the sum of all 

excursion by the total number of tests: 

nse = 
∑           
 
   

               
                                   (13) 

(iii) Amplitude (F3) was derived by an asymptotic function that scales the normalized 

sum of the excursions from objectives (nse) to yield a result ranging between 0 and 

100. 
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F3 = (
   

            
)             (14)         

         

CCME water quality index was calculated by using F1, F2, and F3 from the above 

equations. 

CCMEWQI = 100 –  
√  
        

         
  

     
          (15)                     

The number 1.732 was used in the equation to regulate the resulting value between 

the rating scales 1 to 100. Calculated value of CCMEWQI of analysed groundwater 

samples are given in Table – 5.5.4. 

During study period (2016-2018), CCME WQI value of groundwater of study area 

ranged from 29 to 93. By comparing the obtained results with standards given by 

CCME, it was observed that groundwater quality in study area was poor, marginal, 

fair and good type (Table – 4.9). None of the sample has excellent type of water. 

During year 2016, CCME WQI value of groundwater samples ranged from 35 to 93, 

in year 2017, it ranged from 29 to 93 and in year 2018, it ranged from 33 to 93. 

According to the classification given by CCME WQI, 43.2% of samples have poor 

quality of water, 16.7% have marginal quality of water, 26.6% have fair quality of 

water and 13.6% have good quality of water. Sample collected from Duryai, 

Talabpur, Bisrakh Road, Khera Dharampura, Bishnuli, Sadopur and Dhoom 

Manikpur stations has poor quality of water (CCME WQI value; 0 – 44). 

Spatial distribution of CCME WQI of analysed samples is given in Fig. 5.5.9. From 

the maps it was concluded that most of the sites have poor quality of water. Seasonal 

variation in quality of groundwater is presented in Fig. 5.5.10, 5.5.11 & 5.5.12. 

Percentage representation of CCME WQI classification in pre and post monsoon 

season of year 2016, 2017 and 2018 indicate that there was always increase in 

percentage of fair quality of samples in post-monsoon season (from 22.7 to 31.8%,  

from 22.7 to 31.8% and from 13.6 to 36.4% in 2016, 2017, 2018 respectively).  

Magesh et al., (2013) assessed the groundwater quality of Dindigul district of Tamil 

Nadu and reported that majority of the analysed samples fall into good to marginal 

type of category of water. 
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Table – 5.5.4 Canadian Council of Ministers of the Environment Water Quality Index 

(CCME WQI) of Groundwater Samples during study period 

 

Sample 

No. 

Water Quality 

Station 

CCME WQI 

2016 2017 2018 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

Pre-

monsoon 

Post-

monsoon 

S1 
Duryai 61 54 52 51 55 53 

S2 
Duryai 44 38 40 39 40 39 

S3 
Duryai 39 35 32 31 39 35 

S4 
Talabpur 45 40 34 39 53 47 

S5 
Bisrakh Road 39 38 34 33 33 33 

S6 
Bisrakh Road 69 68 75 75 77 76 

S7 
Bisrakh Road 65 64 63 56 56 55 

S8 
Bisrakh Road 43 43 39 38 43 42 

S9 
Bisrakh Road 38 38 34 29 40 35 

S10 

Khera 

Dharampura 
41 41 41 40 42 41 

S11 
Bishnuli 44 39 44 40 44 43 

S12 
Achheja 93 92 87 93 93 93 

S13 
Achheja 85 79 67 72 86 74 

S14 
Dujana 47 46 43 38 57 52 

S15 
Dujana 82 81 75 69 80 69 

S16 
Dujana 78 73 74 72 80 74 

S17 
Dujana 85 73 85 79 80 73 

S18 
Badalpur 80 78 81 69 82 70 

S19 
Sadopur 44 43 36 35 37 37 

S20 
Dairy Maccha 51 51 57 51 62 60 

S21 

Dhoom 

Manikpur 
43 42 45 43 49 44 

S22 
Badhpura 70 67 57 65 74 66 
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2016 (Pre-monsoon) 2016 (Post-monsoon) 

  

2017 (Pre-monsoon) 2017 (Post-monsoon) 

  

2018 (Pre-monsoon) 2018 (Post-monsoon) 

 

Fig. 5.5.9 Spatial Distribution of CCME WQI in Groundwater Samples of study area during 

study period (2016-2018) 
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Fig. 5.5.10 Percentage representation of CCME WQI classification in Pre-monsoon & Post-

monsoon season of year 2016 

 

  

Fig. 5.5.11 Percentage representation of CCME WQI classification in Pre-monsoon & Post-

monsoon season of year 2017 

 

  

Fig. 5.5.12 Percentage representation of CCME WQI classification in Pre-monsoon & Post-

monsoon season of year 2018 
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SUMMARY 

Increasing population, industrialization and urbanization generates a lot of solid 

wastes and liquid wastes. Disposal of this waste material in indiscriminate manner 

leads to severe damage to environment. To know the quality of groundwater of 

study area, water quality indices were calculated for all collected groundwater 

samples. A slight increase in water quality indices was recorded during the study 

period. The results of water quality index showed that drinking water quality of 

37.9% (WAWQI), 16% (GWQI) and 43.20% (CCME WQI) of groundwater 

samples, was not suitable. A variation was observed in quality of groundwater in 

different zone of study area. On the basis of WQI, quality of groundwater at 

Duryai water quality station in agricultural zone, Bisrakh Road water quality 

station in industrial zone and Sadopur, Dhoom Manikpur, Dairy Maccha & 

Badhpura water quality stations in residential zone was not safe for direct 

consumption.  

Spatial distribution of water quality indices revealed that groundwater of village 

Duryai, Bisrakh Road, Achheja, Dujana, Sadopur, Dhoom Manikpur, Dairy 

Maccha, and Badhpura of district Gautam Budh Nagar of India, was not fit for 

human consumption.  

At most of the water quality station, improvement in groundwater quality was 

observed in post-monsoon samples due to recharging of ground aquifers. At few 

stations (Duryai, Bisrakh Road, Khera Dharampura, Achheja, Sadopur, Dairy 

Maccha and Badhpura) further deterioration in groundwater quality was observed 

in post-monsoon season. It indicated much stress on ground aquifers and less 

groundwater recharge in that areas. Groundwater of almost all the sampling sites 

was contaminated and not good for drinking. Proper management for the disposal 

of domestic and industrial wastes is required to improve the quality of water. 
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The physico-chemical analysis of groundwater was done during the research period 

(2016-2018). The concentration of fluoride in nearly 10.6% of analysed samples 

exceeded the acceptable limit and three samples of industrial zone (Achheja & 

Dujana) were above the permissible value of BIS. Even if the concentration of 

fluoride was not profoundly analysed in water samples collected from different water 

quality stations of GBN district but fluoride removal was taken as one of the 

remediation method as per the availability of resources and sustainable solution of 

reutilization of by-product of marble industry. Marble slurry generated from the 

industry was utilized for analysis here. 

In current study, an initiative has been taken for fluoride removal with the help of 

marble slurry (MS) as a suitable and cost-effective adsorbent. According to recent 

census, marble reserves of India is projected to be about twelve hundred million tons. 

Marble slurry is produced during the manufacture of marble. The adverse 

environmental effects of marble slurry are as follows: 

 Marble slurry leads to extreme reduction of permeability and filtration of topsoil, 

which over a period can lead to water logging problems at the surface. This has 

resulted in a rapid decline of underground water level. Marble slurry also 

increases the alkalinity of soil thereby decreasing the fertility of the soil. 

 When dried, marble slurry gets suspended in the air as fine dust. It slowly 

dispersed over large areas effecting harvests and vegetation causing severe 

ecological threats. 

6.1 LITERATURE REVIEW 
 

Fluoride is vital for the prevention of cavities but if overdosed it can lead to adverse 

health effects. If taken in excess amount it can lead to fluorosis of bones/teeth (Sorg, 

1978; Mahramanlioglu et al., 2002). Amassing over large periods of time or large 

dosages can lead to a structural change in DNA as well (Tsutsui et al., 1984; Wang et 

al., 2004). Excessive fluoride concentration in underground water is a persistent 

problem for regions like Asia, Africa and USA (Lee et al., 1995; Naoki et al., 1996; 

Mameri et al., 1998). India is also among the most affected countries along with 

China for excessive fluoride concentrations. An overwhelming amount of 14.1% 

fluoride concentration is deposited on the lands of India. Hence, 17 states in India are 

indigenous to fluorosis (UNICEF, 1999). This higher fluoride concentration is due to 
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the igneous and metamorphic rocks in the Indian subcontinent. The problem of 

fluorosis is rather prominent in the states like Rajasthan, Tamil Nadu, Bihar, Gujarat, 

Andhra Pradesh, Kerala, Telangana, Punjab and Uttar Pradesh (Hussain et al., 2002; 

Hussain et al., 2004; Husain et al., 2010; Arif et al., 2012; Husain et al., 2012; Sneha 

et al., 2012; Arif et al., 2013; Husain et al., 2013; Adimalla & Venkatayogi, 2016; 

Narsimha & Sudarshan, 2017; Raj & Shaji, 2017; Podgorski et al., 2018; Adimalla et 

al., 2019). According to a census conducted by department of Drinking Water Supply 

under ministry of Rural Development, India, around 85% population of rural India is 

dependent on underground water. Therefore, due to such an excessive demand, 

removal of excessive fluoride ion concentration to a level of 1.5 mg/L (according to 

BIS) becomes necessary (WHO, 2006). 

This limit varies with different countries with different age groups. The World Health 

Organisation has set a standard value of fluoride ion concentration of 1.5 mg/L 

whereas in United States of America the standard limit is set between 0.6-0.9 mg/L 

(US Public Health Service Drinking Water Standards, 1962). Because of the 

pestilential effects of fluoride to humanity and its availability in the drinking water, 

there is a grave need to check the fluoride concentrations so that it becomes safe for 

human consumption. 

Defluoridation techniques are of two types depending upon their mechanism; 

Membrane techniques & Adsorption techniques (Parthasarathy et al., 1986; Saha, 

1993; Haron et al., 1995; Qureshi et al., 1995). Many processes are recently 

investigated which included reverse-osmosis, dialysis and nano-filtration. In India, 

Nalgonda technique is generally used because of its cost-effectiveness and clarity. For 

small sections, adsorption is considered as an exemplary technique for the process of 

defluoridation. 

6.1.1 Membrane Techniques 

 
Membrane techniques include reverse osmosis, nano-filtration, dialysis and electro- 

dialysis. 

 Reverse osmosis and Nano-filtration 

 
The process of reverse osmosis and nano-filtration are highly capable (Schneiter & 

Middlebrooks, 1983). More than 98% removal efficiency of fluoride ions was 
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reported by Arora, (2004). A solar powered NF/RO system was used in a school in 

northern Tanzania for the removal of excess of fluoride (47.6 mg/L) from 

groundwater (Shen et al., 2016). They prepared four membranes- BW30, BW30-LE 

(RO membranes) & NF90, NF270 (NF membrane). Study concluded that NF90 

membrane was best suitable for fluoride removal. System was able to filter 1582 

litre/day of water, through NF90 membrane, to safe drinking water. 

Nano filtration and reverse osmosis is based upon same principles however for nano- 

filtration pore size of membranes is slightly larger than that of reverse osmosis. Nano- 

filtration has some advantages over reverse osmosis- 

 Less resistance for flow of solute/solvent 

 Less pressure required 

 Less energy consumption 

 High flow rate 

Being a small ion, fluoride ion is strongly hydrated than any other monovalent ion 

present in water and hence easily retained by membranes. Membranes can be used 

single or in combinations. Experimental conditions (contact time, pressure exerted, 

fluoride concentration etc.) affect the efficiency of membranes (Mohapatra et al., 

2009; Ayala et al., 2018). 

 Dialysis and Electro-dialysis 

Dialysis separates ions from aqueous solution through a membrane. Actually 

membrane does not work as a filter as water does not pass through it. Two types of 

driving force can be applied to solute particles; the Donnan effect or an applied 

electric field. Grames et al., (2002) combined donnan dialysis with adsorption process 

(adsorbent Al2O3 + ZrO2). The combined process brought the fluoride level of mine 

water from 4 mg/L to acceptable limit of BIS (1.5 mg/L). The anion exchange 

membrane used in process was Neosepta-ACS. Durmaz et al., (2005) used Neosepta 

AHA anion exchange membrane for defluoridation of water. They also compared the 

efficiency of Neosepta AHA membrane with Neosepta AFN and polysulfone SB- 

6407 membranes and concluded that Neosepta AHA was more efficient than 

polysulfone SB-6407 membranes but less efficient than Neosepta AFN. Alkan et al., 

(2008) and Boubakri et al., (2014) also used Donnan dialysis for defluoridation of 

water. 
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Electro-dialysis is the removal of ionic components from aqueous solutions through 

ion exchange membranes under the driving force of an electric field. The electro- 

dialysis process was used for the defluoridation of sub-surface water in Africa. From 

this technique, initial fluoride content (>30 mg/L) of water can be brought upto 1.5 

mg/L (Hichour et al., 1999). Results of study revealed that maximum defluoridation 

occurred at pH 6 of feed phase and at pH 1 of receiver phase. Annouar et al., (2004) 

compared two techniques of defluoridation of aqueous solution; chitosan as an 

adsorbent and electro-dialysis process. Results showed that electro-dialysis technique 

was very effective for defluoridation of water with 3000 mg/L TDS and 3 mg/L 

fluoride concentration. Tahaikt et al., (2006) studied defluoridartion of Moroccan 

groundwater by using electro-dialysis method. The electrodialysis operations were 

carried out with two anion exchange membranes, Neosepta ACS & AXE 01 

membranes and one cation exchange membrane Neosepta CMX. 

6.1.2 Adsorption Techniques 

 
Present day many adsorbents are being used for the process of defluoridation such as 

bone charcoal, lime, alum, aluminium phosphate, fly ash, silica gel, activated alumina, 

zeolite, anode soil, dolomite, activated carbon, rare earth oxides and cost-cutting 

adsorbents (such as clay charcoal, woo charcoal, calcite, saw dust, rice, tree bark and 

ground nut husk) (Zhang & Liang, 1992; Lai & Liu, 1996; Zevenbergen et al., 1996; 

Bulusu & Nawlakhe, 1988; Srimurali et al., 1998; Ramos et al., 1999; Castel et al., 

2000; Lounici et al., 2001; Raichur & Basu 2001; Li et al., 2001; Reardon & Wang 

2001; Cengeloglu et al., 2002; Agarwal et al., 2003; Fan et al., 2003; Abe et al., 2004; 

Mohapatra et al., 2004; Tripathy et al., 2004; Ghorai & Pant, 2005; Ahamad et al., 

2019). These commonly used techniques are based on the mechanism of adsorption. 

But the efficiency of the cost-cutting adsorbents (eg. red mud, zeolites and alum 

sludge) declines sharply under brackish conditions. In addition, the adsorption process 

is highly pH specific. In case of acidic conditions (pH<3) sorption process is the most 

effective but at a natural process desorption of fluoride takes place (Srimurali et al., 

1998). Other complexes like activated carbon and various oxides of rare earth 

materials are effective adsorbents but because of their high cost, their usage is 

hindered (Ho et al., 2004). 
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Adsorption of fluoride ion on adsorbent surface follow three steps (Fan et al., 2003): 

 Transfer of solute particles from aqueous solution to the outer surface of 

adsorbent. 

 Adsorption of solute particles on the surface of adsorbent. 

 Adsorbed solute particles get exchanged with the molecules of adsorbent or 

enters into porous structure of adsorbent. 

Various factors are responsible for deciding the suitability of an adsorbent for a 

particular ion. Adsorption capacity of an adsorbent depends upon pH of solution, 

contact time of adsorbent & adsorbate, stability of adsorbent, regeneration of 

adsorbent, initial amount of solute, and presence of other ions. Discussion of various 

relevant adsorbents was added here. 

 Alumina and Aluminum based adsorbents 
 

The fluoride removal efficiency of alum-impregnated activated alumina (A/AA) was 

studied by Tripathy et al., (2004). They concluded that adsorbent worked best (92.6%) 

at adsorbent dose of 8 gm/L, pH 6.5, contact time of 3 hrs, and initial fluoride 

concentration of 25 mg/L. Tang et al., (2008) studied the fluoride removal efficiency 

of activated alumina. They concluded that adsorbent worked well over a range of pH 

5 - 10.5 and 1-10 mg F/g adsorbent. Similar type of studies were done by Leyva- 

Ramos et al., 2008; Stewart, 2009; Karthikeyan et al., 2018 etc. 

Maliyekkal et al., (2006) studied the adsorption capacity of manganese oxide coated 

alumina (MOCA) and concluded that as compared to activated alumina, MOCA 

showed much better efficiency of fluoride removal (activated alumina- 1.08 mg/g; 

MOCA- 2.85 mg/g). Tripathy & Raichur, (2008) also analysed the fluoride adsorption 

behaviour of manganese oxide coated alumina through batch experiments. The results 

of study revealed that maximum adsorption took place at pH-7, adsorbent dose of 8 

g/L and equilibrium attained after 3 hrs. The efficiency of activated alumina can also 

be enhanced by calcination with magnesium hydroxide at 450
0
C (Maliyekkal et al., 

2008). Similar type of study was carried out by Lv et al., 2007. Singh et al. (2018) 

prepared two variants of calcium magnesium activated alumina; CMAA 650 and 

CMAA 850. They concluded that CMAA 850 showed better removal efficiency of 

fluoride than CMAA 650. 

A novel approach has been made by Chubar et al., (2005) to prepare iron-aluminium 

double hydrous oxide for defluoridation of aqueous solution. Biswas et al., (2007) 
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also reported synthesis of iron-aluminium mixed oxide and its behaviour for fluoride 

ion removal. Prepared adsorbent showed highly porous structure, high surface area 

and irregular surface morphology. 

 Alumina plus calcium minerals/ Nalgonda technique 
 

The Nalgonda technique, is most popular technique for fluoride removal in India, 

Kenya, Ethiopia, Tanzania etc. In this technique, alum (Aluminum sulphate or 

potassium Aluminum sulphate) and lime (calcium oxide) are rapidly mixed with the 

fluoride-rich water. A portion of fluoride present in water precipitate out and comes to 

the surface with flocs of aluminium hydroxide (Nawlakhe et al., 1975). For household 

purpose, a dose of 12.8 gms alum and 6.4 gms lime is sufficient for 20 litre of water. 

After treatment, fluoride concentration of water comes upto 0.7 – 2.1 mg/L. Although 

Nalgonda process is very popular but has some demerits: 

 Efficiency of process is not very high as it precipitate out only 18-33% of 

fluoride, rest is converted into soluble form (Apparao & Kartikeyan, 1986). 

 Addition of alum as coagulant added the excess of sulphate ions in drinking 

water. Sometimes after treatment, sulphate ion concentration of water reaches 

upto 400 mg/L. 

 Aluminium content of water also increased (upto 200 µg/L) after treatment 

causing adverse health effects. 

 Water aesthetics also changed after treatment. 

 Due to effect of seasonal variations on fluoride concentration of water, 

monitoring of input and output water is required at regular intervals of time. 

Monitoring of quality of water decides the required amount of coagulant for 

treatment of water. 

 Treatment plant needs assistance. 

 Large area is required for installation of treatment plant. 

 Presence of silicates in water adversely effected defluoridation efficiency of 

treatment plant. 

Yami et al., (2018) studied improvement in efficiency of Nalgonda technique in Rift 

valley of Ethiopia. This study has shown that the performance of the Nalgonda system 

was significantly enhanced by adding aluminum hydroxide and cow bone char 

powder into the existing Nalgonda system. 
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 Aluminium modified Graphene oxide 
 

Rajput et al., (2018) synthesized aluminium modified graphene oxide. Optimum 

conditions required for the maximum removal of fluoride from drinking water were 

analysed through batch experiments. Results of analysis confirmed that maximum 

fluoride adsorption capacity of graphene oxide composite was 38.31 mg/gm at the 

adsorbent dose of 1 gm/L. 

 Bauxite 
 

Fluoride removal efficiency of thermally activated titanium-rich bauxite (TRB) was 

investigated by Das et al., (2005). The optimum conditions for maximum fluoride ion 

removal were thermal activation at 300-450
0
C, contact time of 90 minutes, pH- 5.5- 

6.5. 

 Calcium 
 

Fan et al., (2003) have compared fluoride removal capacity of various low cost 

materials (fluorspar, quartz, iron activated quartz, hydroxyapatite, calcite) and 

concluded that fluoride uptake of hydroxyapatite was maximum among the analysed 

materials. 

Wong & Stenstron, (2017) investigated the on-site removal of fluoride from drinking 

water using calcium carbonate as low cost adsorbent. It can reduce the fluoride 

concentration from 10 mg/L to less than 1.5 mg/L. Results of batch experiments also 

showed that equilibrium attained after 180 minutes. Study proved that efficiency of 

calcium carbonate was comparable to synthetic ion-exchange resins, eggshells and 

seashells. 

 Carbon Nanotubes 
 

Dehghani et al., (2016) studied removal of fluoride from aqueous solution through 

multi-walled and single-walled carbon nanotubes. Results of study revealed that 

equilibrium reached after contact time of 30 mins. Maximum fluoride removal 

occurred at acidic pH of 5. 

Asimeng et al., (2018) had prepared a novel hydroxyapatite material from Achantia 

achatina snail for the removal of fluoride from drinking water. Results showed that 

equilibrium reached after 60 mins. The study concluded that adsorbent was effective 

for defluoridation from 20 mg/L to 1.59 mg/L. 
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 Low cost adsorbents 
 

Bhargava & Killedar, (1995) examined the conditions required for maximum 

adsorption of fluoride ions on fish-bone charcoal. Srimurali et al., (1998) examined 

the removal of fluoride using low-cost materials such as kaolinite, bentonite, 

charfines, lignite and nirmali seeds and concluded that order of removal efficiency of 

various adsorbents were; nirmali seeds < lignite < kaolinite < charfines < bentonite. 

A phyllosilicate mineral montmorillonite was used for defluoridation of water by 

Agarwal et al., (2002); Tor, (2006). Fluoride removal from aqueous solution was 

studied using pine wood & pine bark chars (Mohan et al., 2012). Maximum fluoride 

removal was attained at pH 2, contact time of 48 hours and adsorbent dose of 10 

gm/L. 

Saikia et al., (2017) experimented on low cost ceramic nodules prepared from locally 

available material of Assam. Mahmoudi et al., (2019) studied fluoride removal 

capacity of acid treated clinoptilolite. Highest removal efficiency of 87% was 

obtained at pH-3 and contact time of 2 hrs. Xia et al., (2019) studied defluoridation of 

water by using an adsorbent prepared from boiling egg shells with NaH2PO4 and 

acetic acid. They transformed high fluoride rich water (10 mg/L) into safe drinking 

water (< 1.5 mg/L). 

 
6.2 HEALTH EFFECTS 

 
Fluoride concentration can have beneficial as well as adverse health effects depending 

upon the amount of dosage. Fluoride concentration when below the concentration of 

1.5 mg/L is favourable for infants for the calcification of dental enamel. Fluoride ion, 

since it is the most electronegative ion, has a strong affinity towards positive ions like 

calcium. Hence, fluoride has a substantial effect on calcium containing tissues like 

bones and teeth. The fluoride gets deposited on teeth and bones in the form of calcium 

fluorapatite crystals. The main constituents of teeth enamel is calcium hydroxyapatite. 

When ingested through potable water, the fluoride ion concentration get incorporated 

into the apatite crystal lattice of calciferous tissue enamel. Afterwards the hydroxyl 

ions get substituted by fluoride ions from hydroxyapatite to form fluorapatite because 

the latter is more stable than the former. The mechanism of formation of fluorapatite 

is knows as fluorosis and it is the major complication regarding excessive fluoride 

intake. When the severity of excessive fluoride concentration is limited to teeth only it 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/nodule
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is called dental fluorosis whereas when the skeleton bones are also affected it leads to 

a condition known as skeletal fluorosis. Both skeletal and dental fluorosis has been a 

hurdle for many countries globally. The symptoms of dental fluorosis include 

chipping and perforation of teeth. In the case of skeletal fluorosis, it can lead to 

extreme discomfort in the joints, which can further lead to paralysis. Modern studies 

have shown that high amount of fluoride intake can not only lead to skeletal and 

dental fluorosis but also gastronomical, neurological, muscular and allergic disorders. 

It may also lead to fatal diseases like cancer. 

6.3 MATERIAL AND METHODS 
 

6.3.1 Reagent and Standard Solution 
 

Stock Solution (1000 mg/L fluoride) - 221 mg of sodium fluoride (Merck Germany) 

dissolved in 100ml of distilled water. Spiked fluoride and standard solutions were 

made by appropriate dilutions. The level third total ionic strength adjustment (TISAB 

- Ⅲ) were made according to appropriate procedures (APHA, 2017). 
 

6.3.2 Instrumentation 
 

Fluoride ion concentration was measured with the help of pH/ISE (Orion Ion meter) 

equipped with the combination of fluoride selective electrode. The fluoride ion 

electrode was standardized before each analysis in order to determine the slope. For 

pH measurement, pH glass electrode was used. Whenever the measurements were 

done by pH standardised buffers, the meter was calibrated. 

6.3.3 Batch Experiments 
 

Batch experiments were done to assess the influence of initial concentration of 

fluoride ions in aqueous solution, adsorbent dosage, pH levels, contact time and co- 

existing anions. The high concentration fluoride water was stirred along with marble 

slurry using a mechanical stirrer. Afterwards, the solution was kept for settling. 

Fluoride concentration of aqueous solution was analysed before and after treatment. 

6.4 RESULTS AND DISCUSSION 

 
6.4.1 Influence of Initial Fluoride Concentration on Defluoridation 

 
Fluoride water of different concentration (1.5, 2.5, 3.5, 4.5, 5.5, 6.5 & 7.5 mg/L) were 

taken for batch experiment. Different batch experiments were conducted to study the 
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influence of initial fluoride concentration on percentage removal of fluoride. Other 

factors such as adsorbent dose of 15 mg/L, pH – 7 and contact time of 50 minutes 

were kept constant. The results of experiments are given in Table – 6.1. From the 

results, it is concluded that with the effect of increase in initial concentration of 

fluoride ions, the efficiency of adsorbent to remove fluoride ion decreased. Fluoride 

removal was 89.3% when initial fluoride concentration was 1.5 mg/L, which further 

decreased to 64% at fluoride concentration of 4.5 mg/L and simultaneously to 40% at 

7.5 mg/L fluoride (Fig. 6.1). From the results of study, it is concluded that the binding 

capability of the adsorbent shift towards the saturation point at higher adsorbate 

concentration, thereby decreasing the efficiency of defluororsis. Decreased rate of 

defluoridation, particularly at higher fluoride concentration level proves the formation 

of a single layer of fluoride ions on the outer surface. 

 

Table - 6.1 Effect of Initial Concentration of Fluoride on Defluoridation 

Contact Time = 50 Min., Dose of Adsorbent (gm/L) = 15.0, pH= 7 

S. No. 1 2 3 4 5 6 7 

Initial Concentration   of 

Fluoride (mg/L) 
1.5 2.5 3.5 4.5 5.5 6.5 7.5 

Final Concentration of 

Fluoride (mg/L) 
0.16 0.43 0.92 1.62 2.25 3.69 4.51 

 
Fluoride 

Removal 

mg/L 1.34 2.07 2.58 2.88 3.25 2.81 2.99 

% 

Decrease 
89.3% 82.8% 73.7% 64.0% 59.1% 43.2% 39.9% 

 

 

Fig. 6.1 Effect of initial fluoride concentration on Defluoridation 
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Fig. 6.2 Effect of Dosage of Marble Slurry on Defluoridation 

6.4.2 Effect of Marble Slurry Dosage on Defluoridation 
 

Experiments were conducted in order to study the effect of marble slurry dosage on 

efficiency of defluororsis. Several doses of marble slurry adsorbent (i.e., 3.0, 5.0, 8.0, 

10.0, 15.0, 20.0 and 25.0 gms) were taken for the experiments and the fluoride 

concentration was set to 5 mg/L at 7 pH with contact time of 50 minutes. The results 

are compiled in Table – 6.2 and Fig. 6.2. It was observed that the efficiency of 

defluorosis increases with the dosage of adsorbent because of the availability of large 

surface area and pore volume for adsorption. After a certain amount of adsorbent dose 

further increase in defluorosis was insignificant due the non-adsorbability of fluoride 

ions. 

 
 

Table – 6.2 Effect of Dose of Marble Slurry on Defluoridation 

Contact Time = 50 Min., Initial Fluoride Concentration (mg/L) = 5.0, pH = 7 

S. No. 1 2 3 4 5 6 7 

Dose of Marble Slurry 

(gm per liter) 
3 5 8 10 15 20 25 

Final Concentration   of 

Fluoride (mg/L) 
4.01 3.63 3.28 2.80 2.33 2.21 2.03 

 

Fluoride 

Removal 

mg/L 
0.99 1.37 1.72 2.20 2.67 2.79 2.97 

 

% 19.8% 27.4% 34.4% 44.0% 53.4% 55.8% 59.4% 
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6.4.3 Effect of Contact Time on Defluoridation: 
 

For the study of influence of contact time on defluoridation, the experiments were 

carried out on 5 mg/L fluoride concentration water with 15 gm dosage of adsorbent at 

pH 7. Several contact times (20, 30, 40, 50, 60, 70 and 80 minutes) were taken for the 

experiments and the conclusions are summed up in Table - 6.3. On increasing the 

contact time from 20 to 50 minutes, the efficiency of defluorosis increases from 

44.8% to 72.4%. However, after 50 minutes of contact time, the rate of defluorosis 

became constant denoting the attainment of equilibrium (Fig. 6.3). The initial rate of 

defluorosis increases at a rapid rate due to availability of the vacant pores of the 

adsorbent. As the vacant sites, get occupied, the rate of adsorption leads to 

equilibrium. 

 

 

Table - 6.3 Effect of Contact Time with Marble Slurry on Defluoridation 

Marble Slurry Dose = 15 gm/L, Initial Fluoride Concentration (mg/L) = 5.0, pH = 7 

S. No. 1 2 3 4 5 6 7 

Contact Time (Min.) 20 30 40 50 60 70 80 

Final Concentration of 

Fluoride (mg/L) 

 
2.76 

 
2.33 

 
2.00 

 
1.43 

 
1.20 

 
1.16 

 
1.14 

Fluoride 

Removal 

mg/L 2.24 2.67 3.00 3.62 3.80 3.84 3.86 

% 44.8% 53.4% 60.0% 72.4% 76.0% 76.8% 77.2% 

 

 

 

Fig. 6.3 Effect of contact time on Defluoridation 
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6.4.4 Effect of pH on Defluoridation 
 

For the study of influence of pH on deflurorosis, experiments were carried out in the 

pH range of 4.16-8.96 and the results are shown in Table – 6.4. The desired pH was 

attained by standardised 0.1 N sodium hydroxide or 0.1 N hydrochloric acid solutions. 

Maximum defluorosis (44 - 44.4%) was attained in the pH range of 6.12-7.01. The 

rate of defluorosis declined at a pH below 6.12 and above pH 7.01 (Fig. 6.4). This is 

observed because at a pH below 6.12, formation of hydrofluoric acid takes place, 

which is feebly ionized, resulting in non-availability of free fluoride ions for 

adsorption. Similarly, at a higher pH, due to the formation OH
-
 ions, less adsorption 

of fluoride ions takes place. OH
-
 ions causes interference with the fluoride ions 

because of similarity in ionic charge and ionic radius. The conclusions obtained from 

the batch experiments were similar to the results that were obtained with rare earth 

oxides as adsorbent (Raichur & Basu, 2001). 
 

Table – 6.4 Effect of pH on Defluoridation 

Contact Time = 50 Min., Initial Fluoride Concentration (mg/L) = 5.0, Marble Slurry  Dose = 15 gm/L 

S. No. 1 2 3 4 5 6 7 

pH of Aqueous Solution 4.16 5.15 5.87 6.12 7.01 8.3 8.96 

Final Concentration   of 

Fluoride (mg/L) 

 
4.01 

 
3.63 

 
3.28 

 
2.80 

 
2.78 

 
2.88 

 
3.36 

 

Fluoride 

Removal 

mg/L 0.99 1.37 1.72 2.20 2.22 2.12 1.64 

 

% 19.8% 27.4% 34.4% 44.0% 44.4% 42.4% 32.8% 

 

 
Fig. 6.4 Effect of pH on Defluoridation 
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6.4.5 Effect of Co-existing Anions 
 

Along with fluoride ions, there were other anions as well which compete for 

adsorption on the marble slurry. The effect of ions such as sulphate, bicarbonate, 

phosphate, nitrate and chloride ions was studied. Anion (Cl
-
, SO4

2-
, HCO3

-
, PO4

3-
 and 

NO3
-
) concentrations of 10, 50, 100, 250, 500, 750 and 1000 mg/L were made by 

dissolving the appropriate amount of required sodium salt in 5 mg/L fluoride solution. 

It was concluded from the experiments that anions such as Cl
-
, SO4

2-
, PO 

3-
 and NO 

-
 

have insignificant effect on fluoride adsorption whereas HCO3
-
 showed declining 

effect on removal of fluoride ions. Kamble et al., Sujana et al. and Maliyekkal have 

found out that presence of various other ions in water influence defluorosis efficiency 

of adsorbent (Sujana et al., 1998; Kamble et al., 2007; Maliyekkal et al., 2008). It was 

concluded HCO3
-
 anion had a declining effect on defluorosis because of the pH 

variance and the interaction between co existing anions. 

6.5 ADSORPTION ISOTHERM 
 

Various adsorption isotherms are used for the design of adsorption system. Freundlich 

and Langmuir isotherms help in expressing the equilibrium position in the adsorption 

process when the fluoride ions are distributed between the solid and the liquid phase. 

6.5.1 Freundlich Isotherm 
 

Freundlich isotherm, which indicates the heterogeneity of the adsorbent, gave the 

following linearized equation: 

𝑙𝑜𝑔 
𝑥

 
𝑚 

= 𝑙𝑜𝑔𝐾 + 
1 

log 𝐶 
𝑛 

Where, x = Mass of solute adsorbed (mg) 

m = Mass of adsorbent used (g) 

C = Solute concentration at equilibrium 

K = Constant which is a degree of adsorption capacity 

1 = Degree of adsorption intensity 
𝑛 

The values of slope and intercept gave the values of K and n from the plot between 

log 𝑥 
𝑚 

and log 𝐶. Freundlich isotherm deals with physisorption and chemisorption on 

heterogenous surfaces. Various parameters for plotting of freundlich isotherm are 

given in Table – 6.5. The value of K (adsorption capacity) was 0.23 mg/g and that of 



Removal of Fluoride from Aqueous Solution 

381 | P a g e 

 

 

n (adsorption intensity) was 2.38 for marble slurry according to Fig. 6.5. The R
2
 value 

was found to be less than 0.99. 

Table – 6.5 Various Parameters for Freundlich & Langmuir Isotherms 

 
 

 
S. 

No. 

 

Adsorbent 

dose 

(gm/L) 

 
Initial 

Fluoride 

Conc. 

(mg/L) 

 

 
pH 

 

Contact 

Time 

(min.) 

 
Final 

Fluoride 

Conc. (C) 

(mg/L) 

 

Capacity 

(mg F/Gm) 

(x/m) 

 

 
log C 

 

 
log 

(x/m) 

 

 
1/C 

 

 
1/x/m 

1 15 1.5 7 50 0.16 0.09 -0.7959 -1.0490 6.25 11.19 

2 15 2.5 7 50 0.43 0.14 -0.3665 -0.8601 2.33 7.25 

3 15 3.5 7 50 0.92 0.17 -0.0362 -0.7645 1.09 5.81 

4 15 4.5 7 50 1.62 0.19 0.2095 -0.7167 0.62 5.21 

5 15 5.5 7 50 2.25 0.22 0.3522 -0.6642 0.44 4.62 

6 15 6.5 7 50 3.69 0.19 0.5670 -0.7274 0.27 5.34 

7 15 7.5 7 50 4.51 0.20 0.6542 -0.7004 0.22 5.02 

 
 

Fig. 6.5 Fluoride adsorption study (Freundlich Isotherm) 

 

6.5.2 Langmuir Isotherm 
 

According to Langmuir, adsorbate forms a single layer on outer surface of adsorbent. 

This is because residual valencies reside on the surface of adsorbent, which can 

adsorb only one molecule. In addition, it is presumed that all valencies have equal 

affinity for adsorbate molecules. The presence of adsorbate on one site doesn’t affect 

the adsorption on adjacent sites. Langmuir gave the following equation: 

𝑥 
1 

= 
1 

+ 
1 

   

⁄𝑚 𝑞 𝑞𝑛𝑏𝐶 

 

Where, 𝑥⁄𝑚 = mass of fluoride adsorbed per unit area. 
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⁄   

C = solute concentration at equilibrium (mg/L) 

q = Langmuir constant representing maximum monolayer formation. 

b = Langmuir constant related to energy of adsorption. 

 
Various parameters for plotting of langmuir isotherm are given in Table – 6.5. The 

Langmuir isotherm plot of 1 
𝑥 

𝑚 

vs 1⁄𝐶 is shown in the Fig. 6.6. As the plot is linear 

 

with respect to good correlation coefficients (0.98) which indicates the validity of 

Langmuir isotherm in the present study. 

 
 

Fig. 6.6 Fluoride adsorption study (Langmuir isotherm) 

 

 

SUMMARY 

 
The study shows that marble slurry is a cost effective as well as highly effective 

adsorbent for defluoridation of water. Adsorption of fluoride primarily depends on the 

pH value, initial fluroride concentration, adsorbent dose, contact time and co-existing 

anions. The optimum conditions for defluorosis from aqueous solution was obtained 

to be adsorbent dose of 15 gm/L, contact time of 50 mins, and at the pH range of 6.12 

and 7.01. At optimum conditions, fluoride removal efficiency of marble slurry was 

found upto 89.3% at initial fluoride concentration of 1.5 mg/L. It was found from the 

study that co-existing anions especially HCO3 have a declining effect on adsorption of 

fluoride ions. Langmuir adsorption isotherm gave the better explanation for surface 

properties of adsorbent. 
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SUMMARY 

 

 The present investigation entitled ―Impact of Agricultural, Industrial and Domestic 

waste on Groundwater quality of Gautam Budh Nagar district, Uttar Pradesh, India‖ 

was carried out in the selected villages of district. Study was conducted for 

quantitative analysis of physico-chemical parameters and heavy metals in 

groundwater samples and waste water samples of the villages. Water samples were 

collected from eleven villages of district GBN; Duryai, Talabpur, Khera Dharampura, 

Bishnuli, Achheja, Dujana, Badalpur, Sadopur, Dairy Maccha, Dhoom Manikpur and 

Badhpura. To assess the effects of waste water on groundwater quality, study area 

was divided into three zones; Agricultural zone, Industrial zone & Residential zone. 

Twenty two water quality stations were set up for groundwater sampling. On the basis 

of survey and field study, thirteen sites were identified for waste water sampling. 

From each site groundwater and waste water samples were collected in pre-monsoon 

season (in the month of June) and post-monsoon season (in the month of October) for 

three consecutive years - 2016, 2017, 2018.  

Physico-chemical parameters such as pH, electrical conductivity, total dissolved 

solids, turbidity, total hardness, calcium, magnesium, sodium, potassium, boron, total 

alkalinity, chloride, fluoride, nitrite, nitrate, phosphate, sulphate and ammonia were 

analysed in groundwater samples in the National River Quality laboratory at Central 

Water Commission, Delhi. Quantitative analysis of various heavy metals (Arsenic, 

cadmium, chromium, copper, Nickel, Lead, Iron & Zinc) was done using atomic 

absorption spectroscopy. From the results of physico-chemical analysis, water quality 

index (WAWQI, GWQI & CCME WQI) and suitability of ground water for irrigation 

and drinking purposes were determined. To know the effects of waste water on 

groundwater quality, characterization of waste water originated from agricultural area, 

industrial area and residential area was also done. Information about the health status 

of inhabitant of study area was also collected using survey method. A novel approach 

to remove fluoride ions from aqueous solution using marble slurry was also done 

through batch experiments. The results of study revealed that characteristics of waste 

water affects the quality of groundwater. 
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HEALTH STATUS  

 The health survey revealed that inhabitants of villages were suffering from 

various health disorders 

 Major health issue in the study area was carcinogenicity, but it was also 

noticed that gastro-intestinal problems were common among inhabitants at all 

the sites.  

 The survey revealed that maximum inhabitants blamed polluted water to be 

responsible for health related issues.  
 

GROUNDWATER QUALITY 

In agricultural zone of study area, groundwater have higher concentration of boron, 

nitrate & phosphate. Ionic concentration in groundwater decreased in post-monsoon 

season however chloride strength increased after rain fall. Among the analysed heavy 

metals, iron concentration was found high in groundwater samples of agricultural 

zone. The extensive use of fertilizers for better crop yield was responsible for elevated 

content of boron, nitrate, phosphate, chloride and iron. Water quality index of samples 

showed that groundwater quality at Duryai station was unfit for drinking. On the basis 

of irrigational parameters, groundwater quality of agricultural area was safe for 

irrigation. Analysed agricultural waste water samples had high content of ammonia, 

potassium, nitrate and iron. These analytical results reflect that groundwater quality of 

agricultural prone areas was affected by agricultural runoff.  

In industrial zone of study area, groundwater was hard and heavily contaminated. 

High ionic concentration of calcium, sodium, potassium, fluoride, chloride and 

sulphate was obtained in samples collected from industrial area. Metal content of 

samples of industrial area was very high. Mean values of arsenic, chromium, copper, 

nickel, lead and zinc were maximum in groundwater samples of industrial zone. On 

the basis of WQI, groundwater of Bisrakh Road and Achheja water quality stations 

was not fit for drinking purpose. Groundwater of industrial area was highly saline 

hence unsuitable for irrigation. Waste water samples of industrial areas have 

excessive ionic concentration and high content of analysed metals (As, Cr, Cu, Pb, Ni, 

Fe & Zn). The specific occurrence of metal ions in waste water samples clearly 

indicates the effect of effluent of nearby industry.  
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Groundwater of residential zone was highly alkaline and have high concentration of 

magnesium, fluoride, nitrite and ammonia. High cadmium content was obtained from 

the groundwater samples of Dhoom Manikpur. Effluent of cement factory, present in 

Dhoom Manikpur adversely affected groundwater quality. Water quality index data 

revealed that all the stations in residential zone (Sadopur, Dhoom Manikpur, Dairy 

Maccha & Badhpura) have groundwater quality unfit for drinking. Irrigational water 

quality of residential zone was comparatively poor than industrial and agricultural 

zone. Domestic waste water samples were very turbid with high alkalinity. Mean 

value of magnesium, fluoride, nitrite, phosphate and cadmium were maximum in 

domestic waste water samples.   

DEFLUORIDATION OF AQUEOUS SOLUTION 

In present study, marble slurry is proved as an efficient adsorbent for the removal of 

excess of fluoride from aqueous solution. Under optimum conditions, its fluoride 

removal efficiency was obtained upto 89.3%. As marble slurry is produced as a by-

product from marble industry, its use in defluoridation is cost effective. Marble slurry 

also has some ecological threats so its reuse protects the environment.   

CONCLUSION 

The results of study revealed that groundwater of district Gautam Budh Nagar was 

loaded with high ionic content as well as heavy metals. The waste water samples 

contained high value of pH, electrical conductivity, total hardness, total dissolved 

solids, cations, anions, and heavy metals in both seasons. Characteristics of waste 

water greatly affected groundwater quality. Leaching of hazardous chemicals present 

in effluents of steel-iron industry, rice mill, paper industry, fabric dyeing industry 

added a significant amount of pollutants in ground aquifers. Results of physico-

chemical analysis, metal analysis and water quality index revealed that groundwater 

of agricultural zone was suitable for drinking and irrigation. Groundwater of industrial 

zone was highly polluted and level of pollutants depend upon the type of industry 

present in the region. Groundwater quality of residential zone was unfit for human 

consumption and irrigation. Appropriate measures need to be taken immediately 

otherwise contamination can reach to ground aquifers of other regions. Results of 

seasonal variation in quality parameters showed that recharging of ground aquifers in 

monsoon season, lessened the contamination upto a great extent. 
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RECOMMENDATIONS 

 

 On the basis of current study, regular water quality monitoring, water quality 

management and restoration programs should be conducted in study area.  

 In agricultural prone areas, reckless use of fertilizers should be discouraged.  

 Farmers should be encouraged to take the benefits of soil health card scheme 

promoted by Ministry of Agriculture and Farmers Welfare. 

 Treatment of waste water, generated in industries, is required before dumping 

it.  

 Development of appropriate sanitation facilities is required in residential area. 

 Segregation of waste at the source level so as to ensure that the reusable/ 

recyclable and metal oriented waste is not dumped.  

 Treatment of groundwater is requisite before it is supplied to the water 

distribution system.  

 The study concluded that awareness campaigns about the deteriorating quality 

of water should be conducted by the government through various conventional 

means and social media. 

 In problematic areas, effective management and remedial measures for 

groundwater quality should be applied. 

 Policies will be prepared on state and national level to avoid further 

deterioration of groundwater quality.  

SCOPE FOR FUTURE WORKS 

 Model can be developed on the basis of relation between the geographical 

profile of the study area and groundwater contamination. 

 Study can be extended for microbial quality of water. 

 Further in the problem zones, pollution sources can be monitored and new 

treatment techniques can be developed. 

 Studies can be conducted regarding the possibilities of waterborne disease in 

the area.  
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SUMMARY 

 

 The present investigation entitled ―Impact of Agricultural, Industrial and Domestic 

waste on Groundwater quality of Gautam Budh Nagar district, Uttar Pradesh, India‖ 

was carried out in the selected villages of district. Study was conducted for 

quantitative analysis of physico-chemical parameters and heavy metals in 

groundwater samples and waste water samples of the villages. Water samples were 

collected from eleven villages of district GBN; Duryai, Talabpur, Khera Dharampura, 

Bishnuli, Achheja, Dujana, Badalpur, Sadopur, Dairy Maccha, Dhoom Manikpur and 

Badhpura. To assess the effects of waste water on groundwater quality, study area 

was divided into three zones; Agricultural zone, Industrial zone & Residential zone. 

Twenty two water quality stations were set up for groundwater sampling. On the basis 

of survey and field study, thirteen sites were identified for waste water sampling. 

From each site groundwater and waste water samples were collected in pre-monsoon 

season (in the month of June) and post-monsoon season (in the month of October) for 

three consecutive years - 2016, 2017, 2018.  

Physico-chemical parameters such as pH, electrical conductivity, total dissolved 

solids, turbidity, total hardness, calcium, magnesium, sodium, potassium, boron, total 

alkalinity, chloride, fluoride, nitrite, nitrate, phosphate, sulphate and ammonia were 

analysed in groundwater samples in the National River Quality laboratory at Central 

Water Commission, Delhi. Quantitative analysis of various heavy metals (Arsenic, 

cadmium, chromium, copper, Nickel, Lead, Iron & Zinc) was done using atomic 

absorption spectroscopy. From the results of physico-chemical analysis, water quality 

index (WAWQI, GWQI & CCME WQI) and suitability of ground water for irrigation 

and drinking purposes were determined. To know the effects of waste water on 

groundwater quality, characterization of waste water originated from agricultural area, 

industrial area and residential area was also done. Information about the health status 

of inhabitant of study area was also collected using survey method. A novel approach 

to remove fluoride ions from aqueous solution using marble slurry was also done 

through batch experiments. The results of study revealed that characteristics of waste 

water affects the quality of groundwater. 
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HEALTH STATUS  

 The health survey revealed that inhabitants of villages were suffering from 

various health disorders 

 Major health issue in the study area was carcinogenicity, but it was also 

noticed that gastro-intestinal problems were common among inhabitants at all 

the sites.  

 The survey revealed that maximum inhabitants blamed polluted water to be 

responsible for health related issues.  
 

GROUNDWATER QUALITY 

In agricultural zone of study area, groundwater have higher concentration of boron, 

nitrate & phosphate. Ionic concentration in groundwater decreased in post-monsoon 

season however chloride strength increased after rain fall. Among the analysed heavy 

metals, iron concentration was found high in groundwater samples of agricultural 

zone. The extensive use of fertilizers for better crop yield was responsible for elevated 

content of boron, nitrate, phosphate, chloride and iron. Water quality index of samples 

showed that groundwater quality at Duryai station was unfit for drinking. On the basis 

of irrigational parameters, groundwater quality of agricultural area was safe for 

irrigation. Analysed agricultural waste water samples had high content of ammonia, 

potassium, nitrate and iron. These analytical results reflect that groundwater quality of 

agricultural prone areas was affected by agricultural runoff.  

In industrial zone of study area, groundwater was hard and heavily contaminated. 

High ionic concentration of calcium, sodium, potassium, fluoride, chloride and 

sulphate was obtained in samples collected from industrial area. Metal content of 

samples of industrial area was very high. Mean values of arsenic, chromium, copper, 

nickel, lead and zinc were maximum in groundwater samples of industrial zone. On 

the basis of WQI, groundwater of Bisrakh Road and Achheja water quality stations 

was not fit for drinking purpose. Groundwater of industrial area was highly saline 

hence unsuitable for irrigation. Waste water samples of industrial areas have 

excessive ionic concentration and high content of analysed metals (As, Cr, Cu, Pb, Ni, 

Fe & Zn). The specific occurrence of metal ions in waste water samples clearly 

indicates the effect of effluent of nearby industry.  
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Groundwater of residential zone was highly alkaline and have high concentration of 

magnesium, fluoride, nitrite and ammonia. High cadmium content was obtained from 

the groundwater samples of Dhoom Manikpur. Effluent of cement factory, present in 

Dhoom Manikpur adversely affected groundwater quality. Water quality index data 

revealed that all the stations in residential zone (Sadopur, Dhoom Manikpur, Dairy 

Maccha & Badhpura) have groundwater quality unfit for drinking. Irrigational water 

quality of residential zone was comparatively poor than industrial and agricultural 

zone. Domestic waste water samples were very turbid with high alkalinity. Mean 

value of magnesium, fluoride, nitrite, phosphate and cadmium were maximum in 

domestic waste water samples.   

DEFLUORIDATION OF AQUEOUS SOLUTION 

In present study, marble slurry is proved as an efficient adsorbent for the removal of 

excess of fluoride from aqueous solution. Under optimum conditions, its fluoride 

removal efficiency was obtained upto 89.3%. As marble slurry is produced as a by-

product from marble industry, its use in defluoridation is cost effective. Marble slurry 

also has some ecological threats so its reuse protects the environment.   

CONCLUSION 

The results of study revealed that groundwater of district Gautam Budh Nagar was 

loaded with high ionic content as well as heavy metals. The waste water samples 

contained high value of pH, electrical conductivity, total hardness, total dissolved 

solids, cations, anions, and heavy metals in both seasons. Characteristics of waste 

water greatly affected groundwater quality. Leaching of hazardous chemicals present 

in effluents of steel-iron industry, rice mill, paper industry, fabric dyeing industry 

added a significant amount of pollutants in ground aquifers. Results of physico-

chemical analysis, metal analysis and water quality index revealed that groundwater 

of agricultural zone was suitable for drinking and irrigation. Groundwater of industrial 

zone was highly polluted and level of pollutants depend upon the type of industry 

present in the region. Groundwater quality of residential zone was unfit for human 

consumption and irrigation. Appropriate measures need to be taken immediately 

otherwise contamination can reach to ground aquifers of other regions. Results of 

seasonal variation in quality parameters showed that recharging of ground aquifers in 

monsoon season, lessened the contamination upto a great extent. 
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RECOMMENDATIONS 

 

 On the basis of current study, regular water quality monitoring, water quality 

management and restoration programs should be conducted in study area.  

 In agricultural prone areas, reckless use of fertilizers should be discouraged.  

 Farmers should be encouraged to take the benefits of soil health card scheme 

promoted by Ministry of Agriculture and Farmers Welfare. 

 Treatment of waste water, generated in industries, is required before dumping 

it.  

 Development of appropriate sanitation facilities is required in residential area. 

 Segregation of waste at the source level so as to ensure that the reusable/ 

recyclable and metal oriented waste is not dumped.  

 Treatment of groundwater is requisite before it is supplied to the water 

distribution system.  

 The study concluded that awareness campaigns about the deteriorating quality 

of water should be conducted by the government through various conventional 

means and social media. 

 In problematic areas, effective management and remedial measures for 

groundwater quality should be applied. 

 Policies will be prepared on state and national level to avoid further 

deterioration of groundwater quality.  

SCOPE FOR FUTURE WORKS 

 Model can be developed on the basis of relation between the geographical 

profile of the study area and groundwater contamination. 

 Study can be extended for microbial quality of water. 

 Further in the problem zones, pollution sources can be monitored and new 

treatment techniques can be developed. 

 Studies can be conducted regarding the possibilities of waterborne disease in 

the area.  

 


